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cheaper nuclear power 


SIZEWELL 
580,000 kW 


BRITAIN’S LATEST 
NUCLEAR POWER STATION 


ENGLISH MaMCYTRI ae | TAYLOR 
ELECTRIC GTR ae «| WOODROW 


The English Electric Company Limited, Babcock & Wilcox Limited, Taylor Woodrow Construction Limited, 
English Electric House, Strand, London, Babcock House, Euston Road, London, London. 
W.C.2. N.W.1. 


THE ENGLISH ELECTRIC, BABCOCK & WILCOX, TAYLOR WOODROW, ATOMIC POWER CONSTRUCTION COMPANY LIMITED 


GA.!1 
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COVER PICTURE 


Inside a shielded cell in one 

of the highly-active processing 

plants at Dounreay. See pp 
71-76. 
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NUciear Power 


MREACTORS - MATERIALS - INSTRUMENTATION - PROCESSES - IRRADIATION 


SPECIAL FEATURES 


Burnout in liquid cooled reactors — 1 


Is the process of burnout really understood? Mr J, G. Collier analyses the 
mechanisms and puts forward some new ideas 


Safety and serviceability in reactor safety circuits — 1 


These two requirements are sometimes conflicting. Mr U. Broccardo makes 
a statistical approach to the problem of reliability 


Thermocouples for high temperature reactors 
New ceramic devices may overcome the difficulties of working in a graphite 


environment 
Reprocessing enriched fuel elements 
Mr G. W. Llewelyn and Mr R. H. Allardice discuss the design and per- 
formance of the highly active MTR chemical plant at Dounreay 
The Americans in Europe 
Mr S. Hollands examines the depth of penetration by US nuclear firms 
in the overseas market 
Irradiation techniques — 6 
Concluding the series, Mr O. S. Plail examines the lessons to be learned, 
and the approach philosophy to be used, in the design of experiments 
Isotopes in the USSR 


New Soviet applications include the motor industry, safety in mines, and 
food production 


REGULAR FEATURES 


Letters 
Radiation hazards, B.S. abbreviations, fuel handling 
Research and development 


Rings for reactor pressure vessels, new electrical research laboratory, high 
speed trace analysis, etc. 


New Product Survey 


Resistivity meter for liquid metals, three-pulse generator, portable pH meter, 
amplifier / pulse-height analyser, heavy-duty globe valve, etc. 


Students’ Notebook 

Basic fuel reprocessing, etc. 
Editorial 51 People 
Worldview 53 Diary 


Cross-Section Gracchus 77 Industrial Literature 


Points from Papers 80 Book Reviews 


Business News 87 Index to Advertisers 


LOOKING FOR A JOB? SEE PAGE 124 AND ONWARDS © 1961 


PUBLICATIONS LTD, LONDON, ENGLAND 

















ACHEMA 
EXHIBITION 


Don’t forget when 
you’re weary 
there’s always a cup 
of tea and a seat on:- 


STANDS 
A & B, 15-18 
C & D, 13-16 


Q.V.F. LIMITED - The Chemical Engineers in Glass - DUKE ST - FENTON - STOKE-ON-TRENT * STAFFS ~ Tel: Stoke-on-Trent 32104 
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One of the many test rigs used in the seal development 
and proving programme initiated by FR, some 

aspects of which are now being sponsored and extended 
by the Central Electricity Generating Board. 


a unique and expanding service 
for the Nuclear Industry 





Since 1956, when they were called upon to design a standpipe coupling for 

Berkeley power station in co-operation with Associated Electrical Industries- 

John Thompson (now The Nuclear Power Group) design engineers, Flight Refuelling Ltd. 
have been making an ever-increasing contribution to the nuclear industry. Their long 
experience in dealing with liquids and gases under extreme conditions of temperature, 
pressure and corrosion, and their unrivalled test and manufacturing facilities, 

have equipped them to handle the development, proving and production 

of many devices for nuclear use. 


Flight Refuelling Ltd 


TARRANT RUSHTON AIRFIELD - BLANDFORD - DORSET - TELEPHONE: BLANDFORD 501 
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ind handling R-A materials weighing up to 


Wing movements 


Consultation at the early stage Installation of the nuclear handling 
equipment by NEL erperts 








Technical literature 
on all these types is avail 
able from NEL. 


Eight standard mechanical arms 

are provided in the range, w!! 

electric drives, variable spet 
NE9 A highly-manoceuvrable AMMA M300 The versatile unit with a M100 A low-cost system which finger-tip controls and au! 


unit with maximum » lifting capacity from a few offers full cell coverage and matic connections for 
capacity of 1001lb oe ounces up to 7501b a lift of 2001b power tools 
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The outstanding NEL PLANS SERVICE 


NEL can solve your ‘hot cell’ handling problems with 
the world’s widest range of equipment—and with plans 
to use it well. Detailed layouts will be prepared for any 
remote handling project enabling you to build with 
confidence. Further, the ‘NEL Plan’ can make the most 
economical and efficient use of standard mechanical 
arms. This cuts down installation costs—so it pays to 
consult NELearly. 


NUCLEAR EQUIPMENT LIMITED 


Combining the knowledge, equipment and planning resources of two great nuclear handling 
companies : Savage and Parsons Limited of England and General Mills Inc., of the U.S.A. 


OTTERSPOOL WAY 


M150 For ma 
inminimu: 
Gamn 


se 


‘imum manipulation 
space, e.g. Alpha- 
t handling in 

aied dry box 


WATFORD - HERTFORDSHIRE - WATFORD 26077 





M500 Basically simNar to M300 
Handles up to 2,0001b with a 
fine degree of control 


TGA RHI3 














M550 Offers wide versatility M700 Heavyweight unit with a 
in heavy load applications, rigid hook for lifting loads 
e.g.,1001b cantilevered up to 5,0001b 


eighteen feet 















Forged Steel Reinforcement Gas Duct Rings 






As forged and heat 
treated 101” o/d, 65” 
i/d, overall width 27” 
(bv courtesy of 
Whessoe Ltd.) 

















Bet As machined 
ee prior to 
; installation 
BRA DWEL 98” o/d, 68" 
i/d, overall 
aol width 24” (by 
fe EF aah ANG Revere Nemes ne courtesy of 
Whessoe 
Ltd.) 
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As machined 
prior to 
installation 
for 3’ 3” bore 
inlet duct and 
duct erection 
opening for 
heat exchang- 
ers (by 
courtesy of 
International 
Combustion 
Group.) 





For Spherical and Cylindrical Vessels 
as supplied for the above 
NUCLEAR POWER PLANTS 


Material B.S.1503/151 1950, grade B, 

having excellent welding properties, with 

Charpy V notch impact results of 25 ft. Ibs. 
average at 10°C, 











The Darlington Forge Ltd 


DARLINGTON 
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11,40° KW Organic Moderated Reactor plant for the City of Piqua, Ohio, U.S.A. 


t 














The Peaceful Atom 
To meet increased living standards evervwhere, the world’s power 
§ P 
resources must be doubled in the 1960's. In this great expansion the 
. _ . eaceful Atom will play an ever-increasing role. Atomics International, 
fu Peaceful A I] play g role. At International 
» 4 — @ 4 ‘ . = . - 

of the Sixties: to a leader in developing nuclear power for over 15 years, is already build- 
ing two of the world’s most advanced power stations under U.S. Atomic 

double the world’s Energy Commission programs: the Organic Reactor plant at Piqua, 
Ohio and the Sodium Reactor plant at Hallam, Nebraska. Another 

I 
promising concept is the Advanced Epithermal Thorium Reactor pro}- 


Answering the challenge 


_— . 
pow er output ect, now being developed by AI for the Southwest Atomic Energy 
Associates, a group of investor-owned utilities in the United States. 
e , . e i . . . 
in ten vears Al's experience and facilities will play a growing part in meeting the 
° 


power challenge of the Sixties. 


ATOMICS INTERNATIONAL DIVISION OF NORTH AMERICAN AVIATION, INC. 


C4ED Pioneers in the creative use of the atom Affiliated with INTERATOM, Bensberg /Cologne, Federal Republic of Germany 


EUROPEAN HEADQUARTERS: North American Aviation S. A., 29 Rue de la Coulouvreniére, Geneva, Switzerland. 4/fiviateo with: DYNATOM, Paris. 
WORLD HEADQUARTERS: Canoga Park, California, U.S.A. Cable Address: atomics Other Offices. Washington, D.C., U.S.A. 
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This 1s a 
FABRICATED 
GATE VALVE 
for NUCLEAR 
APPLICATION 


It is one of many special 


SSs_, 
SSS 


SSS NN 
SSS 


een eearteer oer tet 


valves we have developed 

for this type of work recently. 

The body is fabricated from 
pre-forged parts, and the spindle is 
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BELLOWS 
SEALED 








A design with over a century’s background 





Typical of those supplied or being 
supplied to — Chapel Cross A and B 
Berkeley Bradwell 

Hinkley Point Hunterston 
Trawsfynydd Calder Hall A and B 
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LEADERS IN VALVES FOR STEAM AND NUCLEAR APPLICATION 


DEWRANCE GREAT DOVER ST., LONDON, S.E.I 
& COMPANY LIMITED Telephone: HOP 3100 (12 lines) 








. oe aaa i . 
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LONDON - BRADFORD 
DUMBARTON - HILLINGTON 
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Nuclear Engineering 


Technology 


TRAIN with C.R.E.I. 


WHO C.R.E.I. ARE 


C.R.E.I. (The Capitol Radio Engineering Institute) was founded in America 34 years ago. It is 
well-known for its residential college in Washington and also for its unique procedures in offering 
students unable to undertake full-time study an equivalent education conducted in their own 
time and at their own pace. Many of the leading electronics engineers in American Industry and 
in the American Services are C.R.E.I. trained. At this moment over 20,000 students in the United 
States alone are taking C.R.E.I. home study courses. 


C.R.E.1. HOME STUDY COURSES ARE NOW AVAILABLE FROM GREAT BRITAIN 


In the United Kingdom C.R.E.I. home study courses have been accepted by all three Services 
and can be considered in appropriate cases for the part refund of fees to regular Servicemen. 
C.R.E.I. courses offer serious-minded students determined to further their careers the following 


distinct advantages: 


1. Thorough step-by-step tuition by highly-qualified tutors possessing up-to-the- 
minute knowledge of technological development and industrial requirement. 


a Courses that are being continuously revised to keep pace with technological 
advancement—in this way the inevitable out-of-dateness of text books is avoided. 


3. Individual tuition. The ‘relationship’ between student and tutor is a personal one 
in the sense that the student’s individual requirements and progress are taken into 
account, throughout the course. There is no question of proceeding at the rate of 
a class. Your ‘class’ with C.R.E.I. consists of one person—you. 


OPPORTUNITY is boundless — for the qualified 


C.R.E.I. courses call for hard work and personal discipline, essential 
requirements for a successful career. C.R.E.I. qualified men are able to do 
more important work with accompanying rewards. 





Electronic 
Engineers 


(IV) Automation 
(V) Radar 


(VI) Servo 





available in: 
(I) Nuclear Engineer- 
ing Technology 
(II) Electronic Engin- 132/135 SLOANE STREET, LONDON, S.W.1. 


eering Technology i paewes cnuahaan Choe tas ttecumnitees ond a eee ee ee eee 


(III) Mathematics for 


C.R.E.Il. Courses are If you have at least two years practical experience in electronics ora 


suitable educational background, fill in this coupon now for full 
details of C.R.E.I. courses, methods and achievements. 


TO: C.R.E.1. (LONDON), (DEPT.NP2) GRANVILLE HOUSE, 


Please send me (for my information and entirely without obligation) full details of the 
Educational Programmes offered by your Institute. 


NAME 
ADDRESS 


BACKGROUND EXPERIENCE 


C.R.E.1. (LONDON), (DEPT. NP2) GRANVILLE HOUSE, 132/135 SLOANE STREET, LONDON, S. W.1. 
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Accurate, reliable, and economical 





these Blakeborough types do full 
justice to the performance of the 
controlling instrument—hence their 
widespread use on modern automatic 
process control systems. An advanced 


and comprehensive range, well worth 





investigating. 


| 


es 
+O’ SmOReueed 


Write for catalogue 224a 








BLAKEBOROUGH | 
: 


J. BLAKEBOROUGH & SONS LTD - BRIGHOUSE - ENGLAND 


8519 
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TELEWRITER 100 CHANNELS -1a. 300 


Recording on two electrically driven typewriters 
or on punched tape 

of results of measurements 

from 100 data collectors. “ 


SFI Rn 


Supervision and examination of operation 
of production units, such as: 


ELECTRIC POWERS STATIONS - REFINERIES 

NUCLEAR POWER STATIONS - CHEMICAL WORKS, etc. 
e Fully transistorised equipment 

e Fifty “ multi-voltage ” channels 

e Precision 4 parts in 10 000 

e Feed in on mercury relays 











DIVISION INTERNATIONALE 
79, Bd. HAUSSMANN - PARIS 8 FRANCE - ANJOU 84-60 
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LD 
ALVES 


= 





for 
Hand 
Operation 





A comprehensive range of standard 
‘special’ types, including a wide 
selection of designs from which can 
be met most requirements for this 
style of valve for circulating, boiler 
feed, domestic and other water 
systems. 





Illustrated are examples of large 
geared valves, high-pressure geared 
valves with bypasses, inside-screw 
valves with socket ends and cap 
and key operation, and outside- 
screw valves. 


ee: 





ake shies 


Head Office & Works: Be 
KILMARNOCK - SCOTLAND 





| ne & KENNEDY. LIMITED KILMARNOCK J} 
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GUIDE TO 


BIG SAVINGS IN FORMWORK 
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If youare associated with concrete construction workinany form, this isa book to which 


you will constantly want to refer. It is The Rawlplug Company’s latest edition of their Lower the cost of 


¢ technical publication ‘‘Lower the Cost of Raising the Shuttering’’. A somewhat lengthy 
% title, which however bears upon the two fundamentals, formwork and costs. The reduc- ial th h tt H 
; tion of the latter by time saved in the handling of formwork, is the purpose for which the raising e § u eri ng 
: Rawlties, Rawloops and Rawlhangers described in this book, are specifically designed x 
and which they fulfil most efficiently. with RAWLTIES 
It contains many illustrations, drawings and tables and shows a wide range of applica- 
tions garnered from the hundreds of uses to which these products have been put in RAWLOOPS 
recent years. 
These include the following:—Vertical Walls (including Water Seals) Spandrel Walls, RAWLHANGERS 
Wall Columns and Piers, Large Rectangular Columns, Taper Walls, Curved Walls and 


Roofs, Corner Columns, Cantileyer Retaining Walls, Cladding of Stanchions, etc., Em- 


bankment Walls, Trapezoidal Walls, Concrete floors in Steel Frame Building's, Concrete -the unique modern Firing Devices that 
Cladding of Beams, Haunched Beam Floors, etc., etc. facilitate the speedy erection, striking 
Let us send you a copy of this book, free and post free. Please apply on your trade or pro- and re-erection of formwork for alltypes 
fessional letter-heading, or enclose your card. of concrete construction. 


THE RAWLPLUG CO LTD - CROMWELL ROAD - LONDON - SW7 


The World’s Largest Manufacturers of Fixing Devices | 
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A complete range of Instruments 
for Pulse Counting 


and Timing 





To meet the needs of a widening variety of counting 
and timing functions involved in many industrial 
D.4108 Time-Period Counter for measur- 

ing short time intervals between events. processes to-day, Labgear Ltd. offer a range of 
instruments which combine laboratory accuracy with 


, 


practical ‘‘ workshop ”’ reliability. Labgear engineers 
have devoted special attention to advances in circuit 
techniques, with the result that each instrument 
embodies special features and provides facilities for 


versatility in use. 


Other units include 
D.4107 RATIO COUNTER, which in conjunction with 


additional ‘‘ slave counters ”’ will display the count 





D.4131 Fast Counter for general industrial 
and nuclear pulse counting. 


ratio existing between two or three pulse signals. 
D.4102 TIMING UNIT, a mains frequency timer for 


nuclear scaling units for “‘ time per unit counts’’ and 





‘““counts per unit time’’ operation. 
D.4127 PROGRAMME CONTROL UNIT designed for 
the automatic control of sample changing equipment 


and print-out apparatus. Provides two presettable 





D.4139 Timing Control Unit for pulse coincidence settings and has many uses in auto- 
counters for tachometers, etc., variable F 
count and read-out times. machine control etc. 


* Decatronics —a word not yet in the dictionary, perhaps, but ‘‘coined’’ to designate that 
class of pulse counting and timing techniques developed around the decade counter tube. 











A MEMBER OF THE PYE INSTRUMENT GROUP 
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To solve your problems in Chemistry, in Metallurgy, in remote handling techniques, 


SAINT-GOBAIN NUCLEAIRE 


offers you their hot cells for any activity and for any type of manipulation. 
































This thoroughly gas-tight «y hot cell for Polonium manipulation has been 
designed and built for the French Atomic Energy Commission, SACLAY, France. 


SAINT-GOBAIN NUCLEAIRE 


designs and builds hot lab- 
oratories and offers for sale 
specialized equipment. 


EAR POWER June 1961 











SAINT] GOBAIN 








NuCeAlre 


societe anonyme au capital de 25 millions de nouveaux francs 


siege social 23 bd g. clemenceau courbevoie seine 
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THE WIDE FACILITIES 


AND EXPERIENCE OF 


HEAD WRIGHTSON PROCESSES LTD. 
ARE BEING CURRENTLY APPLIED 


TO THE DESIGN 





PY ieee), tua. ieleuglol, Me] a p.é ‘ 
LARGE NUCLEAR RESEARCH REACTORS® 
AND MUCH ANCILLARY 


EQUIPMENT—THUS PROVIDING 


A GOMPLETE 
ENGINEERING 


ACTIVE WASTE 3 
INCINERATORS FOR NUCLEAR 
The H.W.P. plant at Harwell reduces all : : 
dry combustible radio-active waste to a DEVELOPM ENT : 
small volume of ash for economical dis- 
posal; off-gases being scrubbed and 
filtered to remove active particulate 
matter. It is designed to minimise blow- 
back thus protecting operators from 
dust-borne radiation hazards. Waste ' 
materials are fed from a dry-box into a S oe ACTIVE MATERIAL 
gravity feed hopper which has a trap to ; HANDLING FLASKS 
prevent blow-back into the dry-box. This stainless steel flask—one of 
| , many supplied for DIDO—has a 12” 
y lead wall and is used for extracting 
irradiated fuel elements from the re- 
actor and transferring them to storage. 
A self-contained cooling circuit is 
built into the flask to maintain the 
fuel elements at a safe 
temperature through- 
out all operations. 























HEAD WRIGHTSON PROCESSES LTD 


20-24 OLD ST., LONDON, E.C.!., AND THE FRIARAGE, YARM, YORKS. 


Offices and associates in Sydney, Australia; Calcutta, India; Johannesburg, South Africa; Hamburg, Germany; 
Milan, Italy; Paris, France; The Hague, Holland; and many other countries. 


Cooling Tower Associates in the U.S.A. The Fluor Products Co., Los Angeles 22. New York, Chicago, Boston, etc. 
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MEL pioneered magnesium in Great Britain. 

In the early days of nuclear engineering 

they linked their know-how with that of UKAEA 
to evolve MAGNOX —a still unsurpassed series 
of magnesium canning alloys. 

The collaborative work continues. 

In close association with UKAEA, 

MEL are contributing their skill 

and knowledge in the field of magnesium 

to future generations of nuclear reactors. 





MEL have also developed techniques for the separation of 
zirconium and hafnium and for the production of vanadium. 
They can supply: 

Zirconium compounds with a hafnium content down to 100 p.p.m. 
Hafnium compounds with a zirconium content of 2%. 

High purity vanadium metal. 


Magnesium Elektron Limited 


Clifton Junction Manchester Swinton 2511 
London Office: 5 Charies Il Street St. James’s SW1 Trafalgar 1646 
Magnesium Elektron, Inc., New York 20, USA 


NUCLEAR POWER June 1961 Circle No 17 on reply card for further details 








PNEUTOMATION.... 
says MR SQUINCH. 
...was made for the 
worker with the 
boss-class in mind. 





The boss-class have it easy. Come at nine, 
go at five, live on the fat. 
So the man at Lang Pneumatic invented 
PNEUTOMATION, to carry the burden for the 
hewers of wood and drawers of water who 
live by the sweat of their brow. 
PNEUTOMATION, stretches the long arm, 
puts a shoulder to the wheel, works hammer 
and tongs with might and main, straining 
every nerve. Boss-class jubilant, production up, 
costs down, profits, rising. Camaraderie, 
esprit de corps, bonhomie—-everywhere. 

Write to: 


Lang Pneumatic Ltd 


(ASSOCIATED WITH DESOUTTER BROTHERS (HOLDINGS) LTD) 


VICTORY WORKS OWEN ROAD WOLVERHAMPTON Telephone : 25221-2-3 - Telex: pesi4 
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at DOUNREAY : BRADWELL 
CALDER HALL : BERKELEY 
CHAPEL CROSS : LATINA (ltaly) 
WINFRITH HEATH : WINDSCALE 


e Telemetering Systems 
e Alarm Annunciation Systems 
e Operational Telephone Systems 


e Miniaturized Direct Wire 
Control Systems 


* Safety Interlock Alarm Systems 


STC design, manufacture and install for 
the Nuclear Power Industry, al! types of 
Remote Control and Indication Systems 
Telecommand Systems, Indication Dia- 
grams, Automatic Temperature Scanning 
Equipments, Data Logging and Printing 


Systems, etc 


SS 


ELECTRONICS Registered Office: Connaught House, Ak h, Le 
Group INSTRUMENTATION AND CONTROL DIVISION 
Discs PROGRESS WAY GREAT CAMBRIDGE ROAD ENFIELD REOR OD By oe 





Standard Telephones and ¢ bles Limited 
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An adequate and commensurate REWARD will be paid for 
information leading to the recapture of the above office 
junior who is under the delusion that she has lost the address 


of ASSOCIATED LEAD and who now fears that her 


employers are unable to obtain supplies of LEAD, TIN, ANTI- 
MONY AND THEIR ALLOYS; 99-999": PURE LEAD, TIN AND ANTIMONY; 
SOLDERS, including Solid and Gored Solder Wire; ANTIFRICTION 


METALS; ANTIMONIAL LEAD; CABLE ALLOYS; LEAD SHEET & PIPE; 


DENSE LEAD SHIELDING for Nuclear Work. This girl is suffering 
from strong guilt feelings and may have assumed an alias. 


Th announcement isi ued for andon behalf of 
ASSOCIATED LEAD MANUFACTURERS LIMITED, 


LEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2, CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER. 


port Enquiri« to Associated Lead Manufacturers Export Co td., Clements House, 14 Gresham Street, London 


22 Circle No 20 on reply card for further details NUCLEAR POWER June 196! 





H VACUUM CONSUL Tip, 
f 
| 


HIG 


+f 


G 


i! 
(| 
SER VICE To INDUSTRY 


SPECIALISTS 
VACUUM IN ALL 
INDUSTRIAL 
APPLICATIONS HIGH 


LIMITED 


VACUUM 
EQUIPMENT 





HIGH VACUUM EQUIPMENT HIGH VACUUM FURNACES 


For Decorative finishes and Optical coating For Melting and Sintering 


IONIZATION CHAMBERS CONTROLLED ATMOSPHERIC 
WELDING EQUIPMENT 

HIGH VACUUM GAUGE UNITS ERESTZTE DRYING AND 

HIGH VACUUM VALVES AND DEHYDRATION PLANT 

ACCESSORIES DIFFUSION PUMPS 


MASS SPECTROMETER ALPHA RAY IONIZATION 
LEAK DETECTORS GAUGE CONTROLS 


IMPREGNATION & ENCAPSULATION EQUIPMENT 











—— 


‘ 
VACUUM INDUSTRIAL APPLICATIONS LTD. 


NETHERTON ROAD - WISHAW - LANARKSHIRE «= SCOTLAND 


Telephone: WISHAW 2142 Telegrams: VIA-VAC WISHAW 
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Pregision engineering 
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DEPENDABILITY 
{ mw 
RADIOCHEMICALS 


aoe 


AS 


NEUTRON SOURCES for Nuclear Reactors 


A heavily screened bench at The Radiochemical Centre 
for chemistry with radioisotopes. 





























Polonium-210 and radium-226 are frequently used as the basis of neutron sources 
for commissioning nuclear reactors, but another alpha emitter now becoming 
available for this purpose is thorium-228. For example, this is being used for 

the Central Electricity Generating Board’s power reactors at Bradwell 





and Berkeley. 
Emission Half-life 
(neutrons/second/curie) 
POLONIUM-210 2.5 x 10° 138.4 days 
RADIUM-226 1.3 x 10’ 1620 years 
P THORIUM-228 2.0 x 10’ 1.9 years 
Sources of polonium-210 up to 50 curies and radium-226 up to 10 curies are 
t available; supplies of thorium-228 are limited and details of availability will 
be given on request. 
3 
Such sources for reactors must be made to exceptionally high engineering 
b standards. They are supplied in argon-arc welded stainless steel capsules and 
: tested for leakage by helium mass-spectrography. Special sources can be 
: made to withstand operating temperatures up to 800°C. 
Please send for further details. Comprehensive catalogues are available on application. 
Enquiries for all radioactive supplies and services to :— 
Amersham, Buckinghamshire, England 
World Centre for DEPENDABLE RADIOCHEMICALS 
Telephone: Little Chalfont 2701 
y Telex: Active, Amersham 83141 Cables: Activity, Amersham, Telex. oneen 
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What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 

In this way you can be indemnified against the serious interruptions 
to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, Industrial insurance consultant 
ONE ARUNDEL COURT 


JUBILEE PLACE LONDON 
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BEST OF 
4 WORLDS 





ELECTRONICS @ PNEUMATICS © HYDRAULICS © ELECTRICS 


Four separate worlds—but not at Armstrong Whitworth Equipment! Here they have 
been engineered into process control systems which are a logical step-by-step 
advance towards full automation. 

The application of modern servo-control techniques will improve the efficiency of 
most industries. 

Today's choice is no longer whether to accept or reject automation—but when and 
how to apply it. ‘Before your competitors...’ answers the first part. But expert advice 
is required for the second. 


For an up-to-the-minute approach to process control engineering write or call: 


ARMSTRONG WHITWORTH EQUIPMENT, Hucclecote, Gloucester. Tel: Gloucester 66781 


A UNIT OF SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., MEMBER OF HAWKER SIDDELEY AVIATION 
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Gas from Oil: For the South Eastern Gas Board’s high pressure Oil 
Gasification installation, now being built by Woodall-Duckham Construction 
Co. Ltd., Harveys have made and delivered to the Isle of Grain two Absorber 
columns. Each column is 120 ft. long by 9 ft. 4 ins. overall diameter, and weighs 
approximately 100 tons. The columns are Class 1 welded throughout, for 
operation at 300 p.s.i., and are for the high pressure CO, removal plant. 





G . A. HARVEY & co. Harvey Facilities and Products: CLASS I WELDED PRESSURE VESSELS TO LLOYD’S AND 
(LONDON) LTD. A.S.M.E. CODES - HEAT TREATMENT AND RADIOGRAPHY - DIE-PRESSED AND ‘ROTAR- 


PREST’ HEADS UP TO I§ FT. DIA.—LARGER SIZES TO SPECIFICATION - FABRICATIONS 
WOOLWICH ROAD, LONDON, S.E.7 UP TO I20 TONS IN ONE PIECE - STEEL PLATE AND SHEET METALWORK - HEAVY 
GREenwich 3232 (22 lines) MACHINING AND FITTING - PERFORATED METALS - WOVEN WIRE HF/I3 
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; 
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EMI extends nuclear health coverage 


WITH THE NEW SINGLE HAND MONITOR FOR THE 
SMALLER ESTABLISHMENT 


The latest addition to Em1’s range of Nuclear Health 
Devices . . . a Radiation Monitor for the smaller 
establishment where radio-active materials are handled. 


* Transistors ensure accuracy and reliability, with low 
power consumption. . 

* Audio and visual alarms. 

* Dual phosphor scintillation counters check contam- 
ination in as little as 5seconds. 


in addition to these brilliantly successful EMI units 





THE HAND AND CLOTHING MONITOR 

Specially designed to speed the checking of large 
numbers of staff, screening three workers at once for 
Alpha and Beta contamination of hands, clothing and 
footwear. Dual phosphor scintillation counters. Auto- 
matic correction for background radiation. Large 
numbers in use with UKAEA and authorities overseas. 








THE PORTABLE MONITOR 


A versatile instrument, whose range has now been 
extended by the addition of several interchangeable 
probes. Compact mobility plus high accuracy have been 
achieved by combining all-transistor circuitry with EMI 
dual phosphor technique. Battery or mains operation. 


Write or telephone for a demonstration, or for the new 
Nuclear Health Short Form Catalogue: 


EMI ELECTRONICS LTD 
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GRAPHITE 


MACHINING 


Powell Duffryn Carbon 
Products Limited — 


. 


the leading machinists 
of Nuclear Graphite. 


Official Graphite machinists for the 
General Electric Co. Ltd. Current 
contracts cover important work at: 
Hunterston, Berkeley, Bradwell; also 
for Hawker-Siddeley Nuclear Power Co. 
and U.K. Atomic Energy Authority. 


Hayes, Middlesex 
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Sections of a “‘Jason”’ reactor recently completed for the 
Hawker-Siddeley Nuclear Power Co. Ltd. 


POWELL DUFFRYN CARBON PRODUCTS LTD 
NUCLEAR GRAPHITE DIVISION 
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VALVES 


| for NUCLEAR INSTALLATIONS 











Instrument Isolation Valve 


ai Specification 


Pressure 650 p.s.i. max. 





the 
Temperature 450°C max. 
Leakage to atmosphere zero 
across seat .00I Ibs. per hour 
at 600 p.s.i. 
Special Features 
Bellows sealed operating shaft 
All joints weld sealed 
Back seating 
Self-aligning, non-rotating, 
valve head 
Ball thrust bearing 
Chrome plated shaft 
| 
I 
| 
| To meet the need for a satisfactory small bore isolation valve 
Teddington have engineered this new design now available in 
standard nominal bores of 4” and 4” and suitable for all fluids 
normally encountered in nuclear installations. 
Teddington bellows sealing ensures no leak to atmosphere. 
The back seat prevents over movement of the bellows and 
provides an additional safety feature. A seal cap to replace 
hand wheel and prevent unauthorised operation is available if 
required. 
TD 
NUCLEAR DIVISION: CHEAPSIDE : READING - BERKS. PHONE: READING 55235 
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The Right Helmet... 


Most welders prefer Murex helmets because they are right for 
protection, comfort and strength. They are made of high grade 
fibre or bonded laminated plastic and are completely shockproof, 
light in weight and comfortable to wear. Each helmet is fitted with 
an adjustable headband having an automatic locking device which 
enables the helmet to be held in the “up” position as long as 
desired. A patent Murex glass holder provides a dual purpose 
facility in the plastic type. The coloured filter glass can be raised 
or lowered in a fraction of a second so that the welder can sight 
his work right up to the moment of striking the arc. 





Please write for full particulars. 


MUREX WELDING PROCESSES LTD., WALTHAM CROSS, HERTS. Telephone: Waltham Cross 23636 


All/343 


32 Circle No 30 on reply card for further details NUCLEAR POWER June 1961 











ROTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 

















the ‘ Metric’ 
series 


Rotameter 


The ‘Metric’ series of flowmeters is 
available from stock. Interchangeable 
and alternative metering elements pro- 
vide a new flexibility in liquid and gas 
rate-of-flow measurement. 


In Principle 


Five sizes of mounting accommodate 
the sixteen sides of glass metering tube 
and all have rationalised installation 
dimensions. Floats of stainless _ steel, 
light alloy, or korannite (a ceramic 
material) and all components are inter- 
changeable for a given size. 


This is rationalised flow measurement 


TYPE 900 





TYPE 907 


In Practice 


Interchangeable floats of different com- 
position facilitate the conversion of an 
instrument to meter fluids of different 
natures; flow scales can also easily be 
changed as appropriate. These flow 
scales refer directly to the millimetre 
scale fused on to the glass tube; they 
can be provided by the manufacturer 
or produced by the user from calibra- 
tion charts. 

The type 900 Frame is for low pressure 
non-corrosive service. 

The types 907 and 914 Frames are for 
rough industrial service and use the 
Metric ‘B’ tubes with ground ends and 
interchangeable gland packing including 
P.T.F.E. The chassis is a welded struc- 
ture, nylon covered, and connections 
are normally of cast iron, stainless 
steel or rigid P.V.C. Many accessories 
including a photo-electric alarm can be 
fitted to these instruments. 

Magnetic coupled indicating or trans- 
mitting flowmeters using ‘Metric’ ele- 
ments are available in certain sizes. All 
metric meters and spare parts are 
available from stock. 


Write for full technical details, quoting reference NP/2020/41 


23636 ROTAMETER MANUFACTURING CO. LTD., PURLEY WAY, CROYDON, SURREY Telex: 24292 Telephone: CROydon 3816/9 
M41/414 
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neat 
exchanger 


Worthington- 


Specialists in the Worthington- 
Simpson organisation deal with all 
problems of heat exchange. They 
have extensive experience in 
producing condensing plant for 
high vacua and feed systems 
operating at the highest pressures 
and temperatures. Complete 
systems are designed and 
manufactured, including auxiliary 
plant—condensers, air ejectors, feed 
heaters, evaporators, de-aerators, 
fuel oil heaters, water coolers— 

for both land and marine installations. 
Examples of this heat exchange 
equipment are illustrated in our 
brochure No. 5145 which we should 
be pleased to send on request. 








It pays to be Worthington-Simpsonwise 


Worthington - Simpson Ltd 


NEWARK 





PUMPS - COMPRESSORS + HEAT EXCHANGE EQUIPMENT 


P6010 
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DUNGENESS 
TRAWSFYNYDD 
WINDSCALE 


Doving 


LOW-PRESSURE 
BUTTERFLY VALVES 








Boving LOW-PRESSURE 
BUTTERFLY VALVES 


are being utilized in the Condenser 
Cooling Systems at Dungeness 

and Trawsfynydd and in the Advanced Gas 
Reactor at Windscale. Boving Butterfly 
valves are compact and drop-tight, 

sealed by automatic inflation. 

A high quality finish makes for consistent 


reliability free from jamming. 


VALVES SIZE | 
SUPPLIED INCHES 
i 
30 
8 54 











8 electrically operated 


DUNGENESS 8 
4 a 
4 hydraulically operated 
i so aR Se 
| ; 
TRAWSFYNYDD 4 electrically operated 





60 
72 
72 
42 
72 
36 


WINDSCALE 2 electrically operated 














BOVING & CO LIMITED 


VILLIERS HOUSE 
41-47 STRAND LONDON W.C.2. 





P6ore 





P 6182 
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LOW SPECIFIC RES! 





{ Many aspects 
—many uses / 






































Many qualities in addition to lightness 
and strength make aluminium an important 


metal in nuclear progress. 
Its uses include rod cladding, heavy 
water tanks, cooling tubes surrounding 


fuel rods, glove boxes, thimbles for 
radiation experiments, cyclotron windings 
and enriched uranium-aluminium alloys. 


James Booth supply high-quality 
aluminium and aluminium alloys ina 


wide range of wrought forms for 





nuclear applications. 


JAMES BOOTH ALUMINIUM LIMITED 
KITTS GREEN, BIRMINGHAM 33. Jel: Stechford 4020 


TGa/i9G179 
NUCLEAR POWER June 1961 


EXTRUSIONS, LARGE FORGINGS, PLATE, SHEET, STRIP AND TUBES IN LIGHT ALLOYS 
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STEAL WALE 


...through I.V. Pressures 


ELECTRO-MECHANICAL VALVES 


nae Ba ss Bea 


Electric motor, pulse controlled, énsures 
LAV DVar-LUh Colas LtComoy ol-1allale Mr-laleMotelal (ge) B 


Flame proof micro-switches limit fully 
open and closed positions of valve. 


Instant self-closing of valve is provided 
for in the event of power failure. 


Over-ride mechanism allows 
fo) amar Talet- lime) ol-1¢-1elelan 


(Orovahdaeliiiare m-lender-heclam tm va-t-heal-le 
and dust proof. 


|.V. Pressures Electro-Mechanical Valves 
eliminate the need for constant attention and t 
inaccuracies in fluid regulation. We shall 
be pleased to send you technical literature 
giving full details and performance data. 


Write to 


ly. PRESSURE CONTROLLERS LIMITED 


SALES OFFICE: ATLAS HOUSE 683 LONDON RD. 
ISLEWORTH MIDDLESEX 
Telephone: Isleworth 7273 4.5 


; 
_ =» e® 
as A MEMBER OF THE METROPOLE GROUP OF COMPANIES 











NUCLEAR POWER June 196] Circle No 35 on reply card for further details 





CONTROL PROBLEMS? 


FOR GAS, AIR, OIL AND LIQUIDS 


MINIATURE GAS 
PILOT VALVE 
Size 4” B.S.P 
For use on gas/air. 


CONSTANT 
FLOW VALVE 
for controlling flow 
FUEL OIL VALVE— of fuel fed by ring 
air operated —— main systems 


Size }"—~4" B.S 





3-WAY AIR VALVE 


ADMIRALTY pattern 
OVERHEAD ; 
HEATER VALVE W/ on Suede Be ” 
Size }”°—3” B.S.P ‘ 2 awe re 
3-WAY VALVE diaphragm 
operated suitable for use 
on hydrogen at pressures 


up to 22,000 p.s.i 
Size 3”, 3", 3° B.S-P 


a) DIFFERENTIAL 
PRESSURE SWITCH 
AUTOMATIC CONTROLS LTD Temperifure 250°C 
FUEL OIL Ms VE 


Ss —}" 
PS Pressures it, to ‘$00 p.S.i.g. 





FLOW SWITCH 
Prats model size 

B.S.P —}” B.S.P 
Scher models In sizes 
up to 14° 





FUEL OIL VALVE The range of solenoid and diaphragm 

Size }°—4” B.S:P High : 

pressure, high viscosity operated valves and pressure switches 
roT-S11-) fo} ol -te Ml oh =if-(oL Me NUL Coluit- LdComm @telal ge] i 
is finding a rapidly increasing acceptance } 
in modern industry, including the missile 
ETateMaltlel--lat-lal-leeh Milt e 
Whatever your application, whatever the 
medium or operating temperatures, if it 


SEND US can be made Blacks can make it. Let us 


know your problems. Purpase made or 


YOUR ENQUIRIES standard we could well be of assistance 


to you. Send us full details of your appli- 
: cations and we can put forward suitable 
Black Automatic Controls Ltd recommendations: 


LEAFIELD, CORSHAM, WILTS Tel: Hawthorn 376 


A Member of the Elliott-Automation Group Ly 
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era 


Rio Tinto, producers of uranium and thorium, will play 
an important part in the future industrial use of nuclear power 
through the following companies: 





Rio Algom Mines Limited, CANADA has amalgamated the four 
Canadian uranium mining companies under Rio Tinto's management, to 
form the largest uranium producing company in the world. 


Mary Kathleen Uranium Ltd., AUSTRALIA managed by Rio Tinto in 
Australia, is now in full production and supplying uranium for Britain's — 
nuclear power stations. 


Rio Tinto Dow Limited, CANADA Rio Tinto and the Dow Chemical 
Company of Canada are collaborating in uranium processing and 
producing thorium as a by-product of uranium. 


Thorium Limited, UNITED KINGDOM owned by Rio Tinto and Dow 
Chemie A.G. processes crude thorium materials and markets a variety of 
refined thorium and rare earth compounds. 


Nukem—Nuklear-Chemie und-Metallurgie G.m.b.H., GERMANY has 
been formed by Deutsche Gold-und Silber- Scheideanstalt (Degussa), 
Rio Tinto, Metallgesellschaft and Mallinckrodt Chemical Works to 
manufacture nuclear fuel materials and fuel elements. 


Austro-Chematom Kernbrennstoff G.m.b.H., AUSTRIA formed by 
the Osterreichische Stickstoftwerke A.G. in association with Rio Tinto 
and Degussa to manufacture nuclear fuel materials and fuel elements. 


RIO TINTO MANAGEMENT SERVICES (U.K.) LIMITED 
BARRINGTON HOUSE, 59 GRESHAM STREET, LONDON E.C.2. 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 








No. 15 OF A SERIES BY ACCLES & POLLOCK 


Tubular turbine blade made from 
Nimonic 90. The blade tapers in 
chord, changes in cross section, 
and is twisted. 

The wall thickness is 4” at the 
platform end and tapers to ¢,” 
at the opposite end. 








Accles & Pollock specialise in the 
manufacture and precision cut- 
ting of special small diameter 
tubes. Two examples, made in 
austenitic stainless steel for use 
in an electronic computer, are set 


out below: 
Outside diameter 0.050” 0.080” 
Inside diameter 0.030” 0.050” 
Length 0.0115” 0.025” 
Weight of tubing—lb per ft 0.004272 0.010413 
Weight per tube—lb 0.000004094 0.0000216935 
Number of tubes per lb 244,260 46,096 | 





Designers have a habit of asking for the impossible, but in a 
surprising number of cases Accles & Pollock produce an answer Ac cles &z 
that enables the production people to translate the concept on the 

drawing-board into a physical, functional form. Accles & Pollock 


welcome all such opportunities to co-operate in developing new Pollock 


applications in the form of tubes and tubular sections. 





Technical Information Sheets discussing tubes and their applications are available on request. 
ACCLES & POLLOCK LIMITED OLDBURY - BIRMINGHAM - A @ company 


Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 


including stainless steel, and other metals. Taw 310 
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leave absolutely nothing to chance 


Vokes ‘Absolute’ air filters were developed for use in the filtration systems 
of nuclear power stations. Since then, their exceptional performance 
(99-95% efficiency against impurities in the 0-I to o-§ micron range) has led 
to their installation in many critical applications. 

A unique feature of the Vokes ‘Absolute’ range is that each individual filter 
is tested under close supervision on the rig illustrated above which employs 
methods and equipment recommended in BSS. 2831. A cloud containing 
completely dispersed particles of methylene blue dust between 0-1 and 1:0 
microns in size is discharged into the air-flow of a duct connected with the 
filter under test. Samples of ‘pre-filter’ spray are compared with samples 
taken downstream of the test filter and the degree of penetration accurately 
calculated. Test results are stencilled on the filter case. 

For full details of Vokes ‘Absolute’ range of filters please write for 
catalogue HJ. 


VOKES LTD : HENLEY PARK :- 


Telephone: Guildford 62861 (6 lines) 


Telex; 8-535 Vokesacess, Gfd. 
310 





961 


NUCLEAR POWER June 196] 


The illustrations above show: 


1) Vokes ‘55’ ‘Absolute’ filter—99-95°% 
efficient against sub-micronic particles. 

2) Vokes high temperature ‘Absolute’ filter 
—one of the special types with an efficiency 
of 99:99°, against sub-micronic particles. 


3) A Vokes 3-stage box type canister for 
use in extremely critical applications. 


4) Vokes ‘Unipak’, an inexpensive, com- 


pact and adaptable structure for housing 
‘Absolute’ filters. 


GUILDFORD -: SURREY 


Telegrams: Vokesacess, Guildford, Telex 


Represented throughout the world 


V.549 


Circle No 39 on reply card for further details 4] 





DIESELS 














7 Fal. {AU LJALLAJA4 LAS A a 
tals) 1) ddd dda dade 


FOR DUNGENESS 


4 JVSS16 Mirrlees diesels each developing 2320 b.h.p. at 1000 
r.p.m. have been ordered by The Nuclear Power Group for 
standby duties at Dungeness Nuclear Power Station. 


Within a few seconds of receiving the starting signal and without manual attendance, 








these Mirrlees driven alternator sets will carry full load, providing a reliable standby 
supply for atomic power stations and other installations where it is essential to forestall 


breakdowns and serious loss due to cessation of mains power supply. 





The Mirrlees J and JV Types of engine cover a comprehensive series including 3, 4, 
§, 6 and 8-cylinder in-line engines and 12 and 16-cylinder vee-form engines. All can 
be offered turbocharged with or without air aftercoolers. The power range extends 


from a 210 b.h.p. three-cylinder naturally aspirated unit up to the 2320 b.h.p. sixteen- aA Y e S e t s 


cylinder turbocharged engine with air aftercoolei 
A member of the Hawker Siddeley Group 


MIRRLEES, BICKERTON AND DAY LIMITED, HAZEL GROVE. STOCKPORT, CHESHIRE. Tel Stepping Hill 1000 (15 lines) Grams: ‘‘Mirrlees Telex, Manchester” 
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Nucleonic 
Achievement 





Clean area precision assembly Clean area BSD equipment manufacture 
RESEARCH REACTORS 
Plessey Nucleonics Limited is engaged, exclusively, Wurenlingen - Switzerland 
in the design and manufacture of nuclear equipment Karlsruhe - W. Germany 
and instrumentation; this includes BSD and flux D.1.D.0. - Harwell 
scanning systems for reactors, radiation detectors of P.L.U.T.O. - Harwell 
all types, and instruments for process control, health D.M.T.R. - Dounreay 
W.T.R. - U.S.A. 


and defence. 
. A.G.R. - Windscale 

The production of so much that is complementary 

POWER REACTORS 





in nuclear instrumentation has established an accu- 


mulation of scientific skills which is quite unique in Calder A - Cumberland 
Calder B - Cumberland 


Chapelcross A - Dumfriesshire 
Chapelcross B - Dumfriesshire 


the world of nucleonics. These techniques and 
00 knowledge are now offered for the development of 


new projects. 


Bradwell - Essex 
for Plessey nuclear instrumentation has gained world Marcoule - France 
wide acceptance. The Company’s BSD equipment Hinkley Point - Somerset 
has, for example, been chosen for every one of these Latina - Italy 
reactors: Trawsfynydd - N. Wales 


Plessey PLESSEY NUCLEONICS LIMITED 


WEEDON ROAD, NORTHAMPTON Telephone: NORTHAMPTON 4966 





Overseas Selling Organisation: 


Plessey International Limited, tiford, Essex Telephone: tiford 3040 


® PNL1o: 


hester™ 
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A HIGH TEMPERATURE DUCTS 


> AND COLD SWAGED BARS 


NEWALL’S COLD SWAGING PROCESS was recently 

applied to the manufacture of high tensile steel bars (up 

to approx. 42 ins. long) for use in a new bellows restraint 

mechanism. 

In this assembly, the considerable operating pressures are 

transmitted entirely by the tension bars, which had to 

possess the following qualities : 

(a) They had to provide a high degree of flexibility, 

(b) A uniform tensile strength of approx. 75 tons 
throughout their length was required. 

(c) They had to have a surface completely free from 
machining marks. 


It was obvious therefore that the most satisfactory 
method of producing such bars was by Newall’s 
cold swaging process, as this company have been 
pioneers in the manufacture of swaged studs and 
bolts. Newalls were actually associated with early 
work in the atomic field when certain swaging op- 
erations were required in the planning of Harwell. 
After extensive experiments, during which a blank 
was reduced in diameter by approx. 30° (increas- 
ing length approx. 40°,,), the bars have been devel- 
oped and are now incorporated in the mechanism, 
In use, they show “extremely high fatigue strength 
in the high deflection range.” 


THE PROBLEM: 
To accommodate the considerable 
thermal expansions of the ducting 
conveying the coolant gas from the 
reactor to the heat exchangers. 

The expansion joints must be capa- 
ble of transmitting the axial duct 
thrusts (amounting in some cases 
to over 1,000,000 lbs), while simul- 
taneously allowing a predetermined 
amount of angular deformation. 


THE SOLUTION : 


A multiplicity of high tensile steel bars, 
arranged in two groups into frusto-conical 
assemblies, and spaced uniformly around the 
periphery of the duct, transmit almost uni- 
formly the axial forces, while angular deforma- 
tion is accommodated by transverse bending 
of the bars. 

This restraint works almost entirely on elastic 
deformation principles, so that the forces 
involved are both accurately predictable and 
not variable in time. Furthermore,the complete 
rotational symmetry of the restraint makes it 
equally flexible in any direction. 


A.P.NEWALL 


AND COMPANY LIMITED 
POSSILPARK + GLASGOW N.2. 


Also at London and Birmingham 


’ 
A WEWALLASTIC PRODUCT 


Below and at Top Left: 

Bellows Restraint Mechanism, designed 
by Richardsons, Westgarth & Co Ltd, 
for the Trawsfynydd Nuclear Power 
Station. 
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WESTON 


Regd. Trade Mark No. 763106 
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LIGHT ALLOY | 
PIPEWORK 


Marston's offer 

a full range 

of pipes and fittings 
from 1” to 24” N.P.S. 














MARSTON 





| —> @ od 3 ite). 
LIMITED 





(A subsidiary Company of 
Imperial Chemical Industries Ltd.) 


Fordhouses, Wolverhampton 


MAR29 
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HYDROBORD-F 


FOR HINKLEY POINT 





EIYDROBORD-P 
FOR FAST NEUTRON SHIELDING 


The 9’ 33” diameter annular sections being machined are 
part of the Hydrobord-F Shielding for the 56’ 0” high 
Hole Preparation Machine. 


- 1CTORS _ . . . . 7 
ENGLISH ELECTRI Hydrobord-F provides shielding against fast neutrons, 
Och & WILCON oar > 

Lok WOODROW Hydrobord-T against thermal neutrons and Hydrobord- 


FT against both as required. 


WZ illiam Mallinson 
and Sons iL.td. 


TIMBER AND VENEER MERCHANTS 


130 HACKNEY ROAD. LONDON :- €E.2 
Telephone: Shoreditch 7654 Telegrams: Almoner, London 


MANUFACTURERS OF PLYWOOD - ARMOURPLY -« PANELS AND MEDINO PARTITIONING 
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CAST IRON VESSELS 


for the 
ATOMIC ENERGY AUTHORITY 











Approved by Lloyd’s for 
Class II welding for 
pressure vessels 


One of the battery of special Cast Iron Vessels supplied to the 
U.K. Atomic Energy Authority. The body of the vessel is 
approximately 5ft. 8in. outside diameter by 6ft. 3in. high 
and the complete vessel weighs approximately 30 tons. 


ESTABLISHED 1841 
FOUNDRY & ENGINEERING CO. LTD. 


LUGSDALE ROAD, WIDNES, LANCS. TEL. 2251/4. GRAMS. ‘FOUNDRY WIDNES’ 


wo 
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VIEWPOINTS letters to the Editor 


Radiation hazards 
SIR: The reference in your May issue 
(p 54) to the need for full guidance 
from the Ministry of Transport on the 
carriage of radioisotopes prompts me 
to point out that with the increasing 
use of X-rays and isotopes, the good 
radiation safety record in this country 
will have to be maintained by further 
means than is at present embodied or 
envisaged in legislation. This associa- 
tion has advocated comprehensive 
legislation to cover risks from radia- 
tion for some years now. It is, indeed, 
the policy of the Trades Union Con- 
gress. However, the Government, as 


far as we know, has not accepted this _ 


even as a long term goal; it prefers 
to rely on legislation for factories and 
voluntary adherence to codes of prac- 
tice elsewhere. 

Presumably, the underlying assump- 
tions are that establishments other 
than factories are historically not 
places where industrial hazards will 
normally occur and that the use of 
radioactive substances in such places 
will be confined to those who under- 
stand their nature. But in fact, 
laboratories outside factories probably 
use such substances more widely than 
in factories. Laboratory staffs, indeed, 
may well be subject to much more 
prolonged exposure than the factory 
worker. Understanding of a hazard 
is not always conducive to a willing- 
ness to accept and operate safe and 
often onerous techniques. Protection is 
also needed for the bystander. 

The recent Ionizing Substances 
Regulations have been too long in 
preparation. Apparently, one reason 
is the praiseworthy acceptance of the 
need to consult interested bodies and 
the undue prolonging of such con- 
sultations. Another may well be a 
desire for perfection when the sub- 
ject calls for decision and a subsequent 
flexibility in altering regulations as 
knowledge and experience is gained. 

The Hospitals Services’ Code of 
Practice has recently been followed by 
a code of practice for universities and 
the Ministry of Labour has an advisory 
committee looking at other non-in- 
dustrial establishments where the 
hazard exists. The regulations and 
the codes have minor differences and 
must be based on the same essential 
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premises and protective measures. But 
one has the force of law and the other 
that of good intention only. It should 
be recognised by the Government that 
with this new and insidious hazard, 
all workers need statutory protection 
and all employers the same obligatory 
stimulus to the operation of maximum 
protective measures. The limitation of 
statutory protection against industrial 
hazard to factories ignores the changed 
characteristics of research establish- 
ments. 
JOHN K. DUTTON 

GENERAL SECRETARY 
The Association of 
Scientific Workers, 
London, W.1 


B.S. Abbreviations 


SIR: I feel that some reply is required to 
L. O. Gittings’ letter in the May issue, 
in which he asks if there is necessity for 
distinguishing between the units of force 
and mass. To anyone who has con- 
sidered this, the answer is quite obvious, 
but for those who have not, perhaps 
some guidance should be forthcoming. 

The recommendation from the British 
Standards Institution to distinguish be- 
tween units of mass and force was made 
a long time before last October and, 
even then, the Institution was not the 
source of the recommendation. It is the 
abbreviation Ibf that has recently been 
suggested, in accordance with the Inter- 
national Organisation for Standardisa- 
tion, in place of lb which has been in 
common use for many years in this 
country. 

The acceleration of a 1 lb mass acted 
upon by a standard force of gravity is 
32-174 ft/s?. From Newton’s second law, 
proof of which, I hope, is not required, 
the force on that 1 lb mass is proportional 
to 1 lb x 32-174 ft/s?. In defining the unit 
of force, the constant of proportionality 
is taken to be unity and the name given 
to it is the pound force, 1 lbf. Thus 
1 Ibf=11lb x 32-174 ft/s?. If this unit is 
termed 1 lb, then 32-174 ft/s?=1 which 


I am not prepared to believe even if 


Mr Gittings is. 

One can get into serious trouble if the 
units of both are the same, as the force 
of gravity on a 1 lb mass is not constant ; 
Yuri Gagarin can confirm this by 
experience. 

I would like to ask Mr Gittings how 


to get along very nicely with ‘ psi’ as I 
could not possibly do so. How does one, 
for instance, find the units of a quantity 
which contains ‘psi’ multiplied by 
other units involving force and length? 
D. C. HICKSON 

LECTURER 


College of Advanced Technology 
Birmingham 


Fuel handling 


SIR: Referring to the comments passed 
by Mr R. F. W. Guard in his letter 
(Nuclear Power, May) regarding the pros 
and cons of on-load refuelling equipment, 
although the Calder Hall reactors are 
recognized as the forerunners of our 
current commercial stations, surely this 
achievement of operating at full-belt for 
over 300 days on a relatively low-powered 
reactor cannot be truly indicative of any 
future operational performance of the 
much larger and more powerful civil 
installations. 

The statement, readily agreed, that we 
are only on the threshold of obtaining 
information on the behaviour of in- 
dustrial fuel elements, surely leads to 
the realisation that burst elements will 
remain a problem for some time to come. 

When the aim is to obtain the maxi- 
mum burn-up of the fuel for obvious 
economic reasons, it would therefore 
seem to be an important necessity to 
provide equipment to remove faulty 
elements whilst the reactor is on-load, 
and, if this equipment is installed, why 
not use it for normal fuel handling as well? 

The possible advantages of shuffling, 
both radially and axially, of the fuel 
elements should also be taken into 
account. 

A. D. WORDSWORTH 
Babcock & Wilcox Ltd 


Trawsfynydd 


SIR: I have only just recently studied 
the World Reactor Chart in the January 
1961 issue of Nuclear Power. Against 
item 11—* Trawsfynydd ’"—I note that 
the location is North Wales, ENGLAND. 
Since when, may I ask, has this part of 
the Principality of WALES been in 
ENGLAND? 

G. J. RICHARDS 
Hawker Siddeley Nuclear Power Company 


Blin gennym am y camgymeriad.—Editor 


49 










Nothing is too difficult for us to Handle! 











Modestly . . . we believe that we can weld 
any material known to man, beast or It 
hippopotamus... 





The equipment in our welding and fabri- : 
cation shops is the latest and most up-to- 
date in the country; this, combined with ‘ 
the experience and skill of our craftsmen, ‘ 
enables us to offer a service second to none ia 
and to produce goods of unsurpassed . 
quality, on time and at economic prices. pa 
A 
fu 
se 
If YOU have a problem and it concerns sheet metal .. . contact the SPECIALISTS A 
fu 
Si 
a 
CC 
. . e e B 
for delivery, value and versatility 

- 

PINNACLES HARLOW ESSEX HARLOW (Essex) 24652 (P.A.B.X.) 
N 
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Euratom and UK fuel exports 


THE LOSS OF UK fuel element business to the tune of 
over £5 million followed by around £1 million per annum 
could be the outcome if the present proposal for Euratom 
subsidies is approved. (See Worldview page 53.) This pro- 
posal, sparked off by the Italians and forming part of the 
drive towards hastening the growth of the Common 
Market’s nuclear industries, intends to divert nearly £7 
million from Euratom’s annual research budget to subsidize 
the initial fuel costs of the three Euratom nuclear power 
stations: Latina, Garigliano and Chooz. 

Latina, of course, which has been designed and engin- 
eered by The Nuclear Power Group for the Italian 
consortium SIMEA, is the only station which concerns the 
UK Atomic Energy Authority. The fuel for the other two 
stations. to be built under the US-Euratom Joint Power 
Reactor Programme, as yet is to come from the US Atomic 
Energy Commission. 

SIMEA apparently told Euratom that the placing of the 
Latina fuel contract with a company within the Six was 
practicable; but with the first loading of 290 tonnes 
scheduled by next April, it is difficult to see how anyone 
other than the Authority can cope with the situation, 
particularly in view of the Italians’ vaccilations over sign- 
ing a contract; it should have been signed a year ago. 
Some people think that one reason for SIMEA’S dilatory 
attitude is that they are going to find it difficult to get rid 
of the electricity generated and that they are playing 
for time. 


Italy delays 

Nevertheless, SIMEA is now said to have had second 
thoughts on the matter and to be proposing that the initial 
charge be brought from Britain but that the replacement 
fuel, 65 tonnes annually, be purchased from a French 
company. A recent tender put out resulted in a number 
of bids and whilst the UKAEA price was not the lowest, 
none of the others could match the Authority’s performance 
guarantees on buy-back price. The loss of business of this 
magnitude would naturally be a disappointment to the 
AEA, who have been given a lot of trouble over the Latina 
fuel contract, but presumably they would not be sorry to 
see the matter settled once and for all. In any case, the 
Authority has always felt that it could not expect European 
fuel orders to come to them indefinitely. In January 1959, 
Sir William Cook stated that they were willing to grant 
‘at the appropriate time’ normal commercial licences to 
countries wishing to make their own fuel elements for 
British reactors. 

Nevertheless, under the circumstances, it is difficult to see 
why this situation has arisen. For a European firm starting 
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from scratch, the building of a fuel element fabrication 
plant could well be prohibitive. After paying what pre- 
sumably will be a considerable amount to the UKAEA for 
the ‘know how’, an additional £1-2 million will be required 
for a plant equipped specifically to make one type of fuel 
element. At the moment there is only one definite British- 
type reactor going up; plans for other gas cooled stations, 
particularly in Germany, have not even reached the nego- 
tiating stage. Business potential for a brand new plant 
designed to manufacture the Calder Hall type element, 
therefore, is not very promising. There is an additional 
problem: if a Euratom subsidy is forthcoming, it would 
be on the basis of an exchange of information and person- 
nel with other Common Market companies. Pressure 
would be brought to bear on the company concerned to 
pass on the ‘know how’ gained to the other five members 
of the Common Market, and this, understandably, is a 
stumbling block. Not that this problem is insuperable, 
however, for there have been instances of firms receiving 
Euratom research contracts (e.g. under the Euratom-US 
scheme) refusing to part with all their information. 


French competition 

The alternative then is to extend the facilities already 
existing in the Common Market countries; this points 
principally to France—to the Société Industrielle de 
Combustible (SICN) at Annecy who so far have been re- 
sponsible for the fuel elements of most of the French 
reactors. An additional plant is going up at St. Lobes in 
the Gironde that will have an estimated output of 250 tons 
by 1962 and of 400 tons by 1964 — but the fuel elements 
to be produced are for heavy water reactors. Another 
possibility is the German firm of NUKEM who have 
already produced natural and enriched uranium elements, 
but their output so far is relatively small and a lot more 
experience is required to compete on a scale comparable 
with the French company. 

Another question is raised: who in Europe can process 
irradiated fuel elements? The only effective plant at the 
moment is also French — that of Saint-Gobain, operating 
at Marcoule. The Eurochemic project is getting under 
way. In addition to this, plans for a reprocessing and 
refabrication pilot plant have been announced by the 
Italina CNEN for completion by mid-1963. 

In spite of the trends towards European self-sufficiency, 
the UK could stay in the running for export business if it 
really wanted to: after all it has considerable experience 
behind it. What is primarily needed is a positive lead from 
the Government to join the Common Market; if the 
UKAEA really wants a big finger in the European pie then 
Sir Roger Makins is the man to convince the policy makers 
of the necessity. 
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> 
> Reactor Health Instruments 
> The four instruments illustrated here are from the Ekco 
























range of health instruments that are providing accurate, reliable 
radiation measurement in the nuclear field. 
EKCO TYPE N&SSS RADIATION MONITOR 
This ionisation-chamber type radiation monitor provides 
rapid, accurate measurement of gamma and high-energy X-ray dose-rate. 
THREE RANGES: 0-1,500 mr/hr., 0-150 mr/hr., 0-15 mr/hr. 
ENERGY DEPENDANCE (Gamma)—Within 2.5% 
between 350 KeV and 3 MeV. a 
EKCO TYPE NS78 SLOW NEUTRON SURVEY METER ' =< i ; a oo 
_ A ae ac 
The N578 is designed for the measurement of the dose-rate e <i 1 nuc 
from slow neutrons in the energy range from 0.025eV to 30eV appror. , bef 
RANGES: 0-150 mrem/hr., 0-15 mrem/hr. Eu 
pro 
pro 
and 
Br 
was 
suc 
I 
EKCO TYPE NS96B RADIATION MONITOR sut 
, fue 
Portable, battery-operated ionisation chamber instrument, designed Ps 
to give equal response to beta and gamma rays and calibrated she 
in millirads/hour for beta and gamma. This instrument CANNOT wo 
FOLD-BACK IN A VERY HIGH GAMMA FLUX. RANGES: 0-3 mrad/hr. res 
0-30 mrad/hr., 0-300 mrad/hr. Integrating range 0-30 mrad Eu 
with a time constant of 15 hrs. col 
pel 
the 
Su; 
EKCO TYPE N645 FIELD RATEMETER tur 
me 
A transistorised battery-powered portable ratemeter, employing mi 
printed circuit technique, providing three ranges with three th 
integrating time constants. The head units (available thi 
separately) are in general sensitive enough to measure r 
the appropriate tolerance doses of ingestible alpha, . 
beta or gamma contamination. RANGES: 0-10 c.p.s., 
0-100 c.p.s., 0-1,000 c.p.s. FY) of 
* Ni 
Sp 
Of 
> Full details of the complete range of Ekco Electronics Reacter Health Instruments | 
will gladly be provided on request el 
to 
> th 
ELECTRONICS 
b 
> tr 
N 
es =| EKO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - TEL: SOUTHEND 49491 7 
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The Six: move to make Latina fuel 


Brussels A proposal to subsidize the manu- 
facture of fuel elements for the threeEuratom 
nuclear power station projects is to go 
before the Council of Ministers, the 
Euratom Commission’s governing body— 
probably at its meeting on June 26-27. The 
proposal has met with French opposition 
and some objections from Germany, and a 
Brussels source told Nuclear Power that it 
was by no means certain that it would be 
successful. 

Basically, the philosophy behind the 
subsidy is that as the making of the initial 
fuel charges would be valuable experience, 
Common Market firms undertaking this 
should qualify for a research grant. This 
would be conditional on their making the 
results of their experience known to 
Euratom. Funds would also be provided to 
cover costs during the initial start-up 
period of the reactors. 

The initial approach for aid came from 
the operators of the three stations; it was 
suggested that help should be given, to the 
tune of $19 million, for (a) fuel element 
manufacture; (b) the supply of fissile 
material and (c) the initial cost of putting 
the reactors into operation. Discussions on 
this took place at a recent meeting of repre- 
sentatives of Euratom and the European 
Community’s European Electric Producers’ 
Organisation. 

The Euratom Commission has issued no 
Official statement on the proposal but a 
Nuclear Power source in Brussels said the 
specific proposals were: (1) SIMEA (Societa 
Italiana Meridionale Energia Atomica), 
operators of the 200 MW Latina station: 
50% of the cost of fabrication of fuel 
elements made in the Community up to a 
total of $3 million. This figure relates only to 
the initial charge and will be raised to $4 
million should the refining of the uranium 
be carried out in Common Market coun- 
tries. (2) SENN (Societa Elettronucleare 
Nazionale), operators of the 150 MW BwR 
at Punta Fiume: $3 million to cover the 
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deficit in operations during the start-up 
period and $4 million towards the manu- 
facture of fuel elements. (3) SENA (Société 
d’Energia Nucleaire Franco-Belge des 
Ardennes), operating company for the 
proposed 242 MW pwr at Chooz: $5 
million towards the cost of fuel elements and 
$3 million to underwrite costs during the 
start-up period. 

In return, there would be an exchange of 
information on the making of the fuel 
elements with Euratom and also an exchange 
of personnel. It is also understood that the 
fuel element subsidy would be for the 
initial charge only. 

Of these three stations, Latina is the only 
one that is British-built and it has always 





the month in atomic energy 





been AEA policy that British-built reactors 
should be fuelled with British-designed fuel. 
This does not exclude the possibility of the 
fuel elements being manufactured on the 
Continent under an access agreement 
signed with the UKAEA. In fact, the Sixth 
Annual Report of the AEA stated that 
negotiations were proceeding with foreign 
organisations regarding the possible grant 
of licences by the Authority for the manu- 
facture overseas of natural uranium fuel 
elements by the Springfields process. 

Fuelling arrangements for Latina, mean- 
while, are likely to be further delayed 
because of the subsidy proposal. It would, 
for instance, have been reasonable for an 
agreement on the fuel for this statica to be 
signed last summer. As it is, despite a 
tentative approach for tenders some months 
ago, no steps have been taken. Here, 
incidentally, the AEA price was not the 
lowest but Nuclear Power understands that 
no other offers matched the Authority’s 
guarantees or buy-back price. 


TRAWSFYNYDD PROGRESS A general view of the site of the 500 MW station 
under construction at Trawsfynydd, North Wales, showing the two reactors being 
built. The designer and main contractor is Atomic Power Constructions 
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The AEA solves Dounreay entrainment problem 


London. AEA scientists and engineers 
have now established the causes of the 
gas entrainment problem at the Doun- 
reay Fast Reactor; steps are being taken 
to prevent this behaviour. 

The trouble was noticed during the 
first physics experiments in the Doun- 
reay programme when small changes in 
reactivity were observed. These were 
found to be due to bubbles of nitrogen 





=n 


The Dounreay Fast Reactor 
becoming entrained in the sodium/ potas- 
sium coolant passing through the core. 
According to the AEA, gas entrainment 
is a serious problem not only because 
of the reactivity changes which result but 
because under power conditions, the 
heat transfer properties of the coolant 
would be impaired, leading to local hot- 
spots which could, in turn, bring about 
melting of the fuel. 

Preliminary tests indicated that one 
cause of the trouble was the liquid metal 
expansion tanks above the primary cir- 
cuits. A :eduction in the level of liquid 
metal in these tanks was found to be 
allowing gas to pass down a pipe nor-- 
mally filled with liquid metal. Further 


experiments showed that other possible 
trouble sources existed. 

The main causes were eventually estab- 
lished as: 1. The emptying of expansion 
tanks; 2. The pressure drop occuring at 
certain coolant flow rates in the vertical 
tubes which form part of the control 
rod mechanisms causing nitrogen to be 
drawn down the tubes into the main 
circuit and 3. A similar effect occuring 
in the instrument thermocouple tubes 
which lead down into the core. 

The tank emptying effect was found 
to be due to the blocking of certain small 
pipes and the AEA say these are being 
cleared. Modifications are being made 
to the control rod and thermocouple 
tubes to alter their hydraulic character- 
istics by providing relief holes and 
baffles. 

At the end of this work, the pro- 
gramme for raising the reactor power 
will be reviewed. So far, the reactor 
has been cperating at low powers (up to 
1-4 MW). The results, add the AEA, 
‘have been most encouraging and the 
forecasts made from the original work 
at Harwell and Risley have proved to 
be accurate and well founded’. 

Chemical processing of the first Doun- 
reay Fast Reactor charge has been suc- 
cessfully carried out and this has proved 
the satisfactory operating characteristics 
of the processing plant. Chemical devel- 
opment work is needed for the produc- 
tion and processing of the new types 
of fast reactor fuels and this work is 
continuing, the AEA adds. 


Mitchell’s carry out Italian BWR study 


London A reactor design study to tie in 
its output with steam conditions that 
already exist is being prepared by Mitchell 
Engineering Ltd. for the Italian utility 
company, Larderello. The reactor system 
being considered is a boiling water type of 
25-30 MW. 

Completion of the study is expected 
within six weeks with the decision to build 
to be made by August. 

The design study contract award was 
made in December, 1960, and called for 
the design of a nuclear power plant 
to tie in with existing geothermal 
steam electrical facilities at Larderello, 
Tuscany. The amount of thermal steam 
from the area is reported to be falling and 
in order to maintain the facilities, the Italian 
company has been considering other means 
of steam generation. 
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The reactor system will have a thermal 
output of 110 MW and incorporate a closed 
cycle heat transfer system under which 
steam is produced at pressure and tempera- 
ture conditions suitable for feeding to the 
existing. plant. Mitchell’s are working 
together with AMF Atomics on the project 
through Mitchell Italia SpA and AMF 
Italia. 


Soviet team visits UK 


London Professor V. S. Emelyanov, Director 
of the USSR Main Administration for the 
Utilisation of Atomic Energy, headed a 
Russian team which visited the UK in the 
week beginning May 14. They discussed 
arrangements for further collaboration in 
the peaceful uses of atomic energy and 
visited AEA nuclear establishments. 





e Switzerland A new national grou 
Nationale Gesellschaft zur Forderun: der 
Atom-Technik (NGA), has now 2en 
formed and will proceed with buildin : an 
experimental nuclear power statio: at 
Lucens in corporating a reactor origi ially 
developed by Sulzer for Thermaton AG, 

@ IAEA New research findings o | the 
biological effects of radiation vere 
reported at a recent Vienna meeti’.z of 
28 radiobiologists from 15 countric 

® United Kingdom The public incuiry 
into the CEGB’s proposal to build the 
Wylfa, Anglesey, nuclear power st.tion 
will be held in Amlwch, Anglesey, on 
May 30. 


Spanish nuclear plans 
progress 

Madrid CENSUA (Centrales  Nuc- 
leares S.A.) has formally applied for 
official permission to build a 250 MW 
nuclear power station by the Tagus 
River, some 80 kilometres south of 
Madrid. This is the second such appli- 
cation made this year by a Spanish con- 
cern. NUCLENO (Centrales Nucleares 
del Norte S.A.) applied earlier in the 
year for permission to build a similar 
sized plant at Santa Maria de Garona 
in Northern Spain. 


The high cost of research 


London The high cost of nuclear research 
and development was causing some appre- 
hension that this expense might not be 
recovered by sufficiently frequent orders, 
Mr E. M. Price, managing director of 
English Electric Construction Ltd, stated 
recently. 

Mr Price said that more than £1 million 
had been spent on facilities at the Whetstone 
testing and research centre of the English 
Electric-Babcock and Wilcox-Taylor Wood- 
row Atomic Power Group. In addition, 
running costs amounted to over £2 million 
a year. Orders for nuclear power stations 
worked out at one power station for each 
group every three years. This meant that 
£6 million costs had to be recovered on each 
order—if there were only British orders 
The present rate was barely sufficient to 
keep the group going but he hoped there 
would be occasional overseas orders. The 
group was, itself, tendering for the Indian 
contract for a nuclear power station. 


e France A guidance note on general 
technical conditions for nuclear ships has 
been submitted to the Nuclear Energy 
Commission of the Comite Technique 
Naval du Bureau Veritas. 


e W. Germany The Atomic Energy Com- 
mission has asked the Federal Government 
for more intensive support for nuclear 
research and technology. A sum of 500 
million D-marks annually was needed—an 
increase of 300 million D-marks over the 
present sum. 
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First Halden fuel experiments succeed 


Oslo The first experiments with the initial 
fuel charge for the Halden reactor have 
been successfully completed. Work is now 
going on in the experimental boiling 
heavy water reactor, to accommodate the 
second fuel charge, increase the output 


and expand experimental facilities. 


After the second fuel charge is installed 
by the end of this year, the reactor will be 
brought up to 20 MW. Later in 1962, it will 
be connected to the steam distribution 
system of the paper factory Saugbrugs- 
foreningen on whose premises the reactor 


is located. 


During the experimental period with the 


Bradwell cost is £58 million 


London Full operation of the 300 MW 
Bradwell nuclear power station is expected 
by the middle of 1962. The cost of con- 
struction, including road widening, land 
purchase, compensation for the erection of 
pylons and the nuclear fuel charge was 
likely to be £58 million, the House of 
Commons was told by Mr. J. George, the 
Parliamentary Secretary, Minister of Power. 

He added that nuclear generated elec- 
tricity could become competitive with 
conventionally produced electricity in about 
seven years’ time if interest rates were to 
drop to 3°. The present interest rate 
assumed in estimating future costs was 54 °%. 


German group asks for 
OMR design study 


Bonn Preliminary design work on 150 MW 
organic moderated and cooled reactor for 
the Baden Wurttemberg Nuclear Power 
Plant Planning Association (KBWP) is to 
be undertaken by Atomics International 
of the US. Interatom, AI’s German 
affiliate, is expected to assist in the prelimi- 
nary design work. This is expected to take 
about 13 months and provide the basis 
for subsequent final engineering and con- 
struction should KBWP decide to proceed 
with construction. The KBWP group 
selected the omr after an evaluation of 
competing proposals on other types made 
by US and UK companies. 

The project may come under the US- 
Euratom programme for which proposals 
for 1965 completion were reviewed in 
March by the Euratom Council of Minis- 
ters. Only one other group is still interested 
in this programme the Franco-Belgian 
SENA group which is planning to build a 
242 MW pwr at Chooz. 

The KBWP group was formerly the 
AKS group of companies. 
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first fuel charge, the reactor was operated 
at powers up to 6 MW and temperatures 
up to 155° C. It was carried out in two 
stages. The first was low power operation 
and the second was at the full power level 
designed for the first fuel charge. The 
preliminary results of the experimental 
operation was presented to a group of 
representatives from the participating OEEC 
countries on May 2. 

The Halden reactor, a European Nuclear 
Energy Agency project, went critical on 
June 29, 1959, and produced steam for the 
first time on October 5, 1960. It is operated 
jointly by 14 nations under an OEEC 
agreement. 


Labour troubles delay AGR 


London Lébour difficulties have ham- 
pered the building of both the Advanced 
Gas-Cooled Reactor and HERO, the zero 
energy facility alongside the AGR, reports 
the Atomic Energy Authority. 

Despite these troubles, the AGR con- 
struction is scheduled to be completed 
in July and the reactor is to be handed 
over to operations staff for fuel loading 
in the late autumn. HERO'S handover is 
also expected to be in the autumn of 
this year. 

This admission by the AEA of labour 
strife spotlights the difficulties besetting 
most nuclear power plants being built 
in the UK—troubles at Hunsterton being 
a prime example. 

On AGR progress, the AEA say that 
inside the reactor vessel, the graphite 
core and its supports are complete and 
the neutron shields have been erected. 






OT ste. 
(WORLDVIEW) ) 
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@ Euratom The Ispra (Italy) Nuclear 
Research Centre has been formally 
transferred to Euratom in accordance 
with the agreement signed between 
Euratom and the Italian Government. 
e Italy Yugoslav technicians are expected 
to work on a proposed Italian 30 MWt 
OMR together with Italian scientists under a 
recent technical co-operation agreement 
signed between the two countries. 

© United Kingdom A revised route for 
a 400 kV supergrid line from Sizewell 
nuclear power station is being planned 
te preserve more of the landscape. 


e Poland The country’s third reactor, of 
about IMW, is to be built during the 
present Five Year Plan. It will be used for 
fundamental physics research. 


building 


The can failure detection pipes are being 
fitted and connected. One gas circulator 
has been successfully tested on a heat 
exchanger at design conditions of tem- 
perature and pressure and is now under- 
going minor modifications. A second 
machine has been delivered and con- 
tinuous running tests are under way. 


In addition, uranium oxide pellets and 
components for the AGR stainless steel 
canned fuel elements are in production 
and an assembly plant is due for com- 
missioning. 

In spite of difficulties with beryllium 
production, and the corrosion problems 
which have arisen, a quantity of beryl- 
lium-canned elements are being manu- 
factured. It is planned that up to 20% 
of the first charge will be beryllium- 
canned. 





AGR NEARS COMPLETION The four cooling towers for the AGR which itself is 
due for completion in July despite labour troubles 
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Work starts on Sizewell station 


London Construction work on the 
580MW Sizewell nuclear power station 
began on April 4 when site preparation 
work started. The £55 million station 
is due for 1966 completion by the 
English Electric, Babcock & Wilcox, 
Taylor Woodrow atomic power group. 

Responsible for the building and civil 
engineering work is Taylor Woodrow 
Constructions Ltd and it is expected 
that by the beginning of July, detailed 
excavation of the reactor foundations 


Government agrees to three 
university reactors 
London The Government has at long 
last approved — in principle — the pro- 
vision of three reactors which will be 
available to the universities and colleges 
of technology for teaching and research. 
Announcing this in the House of 
Commons, Mr. Denzil Freeth, Parlia- 
mentary Secretary for Science, said that 
one reactor would be sited in Scotland 
and the other in Lancashire. It was pro- 
posed to site the third in the London 
area. It would be available to the 
Imperial College as well as other in- 
stitutions in London. Negotiations on 
arrangements were continuing, he added. 
The firms able to make research 
reactors in the UK are the GEC 
(CONSORT), Vickers (TRIGA) and Pye 
(AMF reactors). The JASON reactor is 
made by the Hawker Siddeley Nuclear 
Power Company who, however, are 
closing their Langley works. 


will be well advanced. The total labour 
force will rise to a peak of about 2400 
in 1962. Babcock & Wilcox Ltd are 
building the two 634 ft diameter pres- 
sure vessels, eight 914 ft high and 224 
ft diameter boilers and all the ancillary 
coolant gas ducting and steam piping. 
The English Electric Company will be 
responsible for the nuclear and electrical 
engineering with the turbo-generators 
being made at its Rugby works and the 
nuclear components at Whetstone. 


Design changes on 
Hunterston fuel elements ? 


London Tests are still being carried out to 
determine the fuel elements for the 328 MW 
Hunterston nuclear power station being 
built by the GEC-Simon Carves Group. 
According to an Atomic Energy Authority 
spokesman, production of these fuel 
elements is not due to start until the end of 
this year. The time in between is being used 
for endurance tests and tests for possible 
changes in the heat transfer surface. No 
final decision on the fuel element design 
will be taken until these tests have been 
carried out, the AEA added. 


®@ Italy The RC-1 (TRIGA Mark ID) 
reactor at the Casaccia Nuclear Centre, 
near Rome, is undergoing modifications 
and has been shut down since January 
20. It is expected to resume operations 
soon with expanded research capabili- 
ties. 





OVERSEAS 


The G.E.C. proposes French graphite for Tokai-mura 


Tokyo French graphite is now proposed as 
the moderator for the Calder-type Tokai- 
mura 150 MW reactor, according to the 
Japan Atomic Power Company (JAPCO). 
Reason for the change from the originally 
selected British-made graphite is that the 
French material is reported to have greater 
tensile strength. 

The initial suggestion, says an announce- 
ment by JAPCO, came from the General 
Electric Company who early this year 
suggested that the graphite should be 
obtained from Pechiney of France. These 
proposals were discussed early in March 
and it was agreed to alter the specifications 
subject to the following conditions : 
(a) that experimental data on the nuclear 
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properties and the strength of the Pechiney 
graphite was provided and (4) that the price 
should not be increased. 

Dr T. Ipponmatsu, vice-president of 
JAPCO, told the Japanese Parliament when 
questions were raised on the matter, that 
the change was an improvement in design 
which would increase the reactor’s safety 
and reliability. 

It has also been reported widely in Japan 
that cracks in test plates for the pressure 
vessel had been found and that the materials 
did not meet the Japan Industrial Standard. 
This was due to a difference in Lloyds and 
Japanese standards. It was probable that 
completion of the reactor would be delayed 
as a result, the reports added. 


































































POLISH HOT CHAMBER Seen at 
the Institute of Nuclear Research, Swierk, 
Poland, is the hot chamber associated 
with the Soviet-designed reactor EWA. 
The Institute itself is the most recent 
Polish scientific establishment but has 
already made a name for itself in the 
nuclear field 





e United Kingdom Uranium drilling opera- 
tions in Kirkcudbrightshire, Scotland, have 
been completed. No further work is to be 
undertaken by the Atomic Energy Division 
of the Geological Survey as the overall 
content of uranium ore is too small to 
warrant further tests at the present time. 


® United Kingdom An increase of more 
than 25 per cent over design figures for 
electricity output will soon be achieved 
at Calder Hall and Chapelcross. It has 
been made possible without extra fuel 
cost. 


e@ Australia. MOATA Australia’s second 
research reactor, went critical recently. 
This 10 kWt reactor cost £65,000 and was 
ordered from Advanced Technology Lab- 
oratories, California. 


® Canada Talks on the UK-Canadian 
Letter of intent to purchase 12,000 tons 
of Canadian uranium will open on June 
12 in Ottawa, the Trade Minister, Mr. 
George Hees announced recently. 


e Indonesia The US is contributing $350,000 
towards the cost of the TRIGA-1 100 kW 
training reactor being built at Bandung as 
part of a centre which includes laboratories, 
an electronic shop and other supporting 
facilities. 


e USSR A National Board for the co- 
ordination of scientific research has been 
formed. The president is Mikhail Khrunits- 
chev, who is head of the State Planning 
Authority. 
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Inte.national nuclear energy spending rises 


Washinzton More than $350 million 
(£125 ‘nillion approx.) is the figure for 
appropriations and expenditure on atomic 
energy for 1956-64 for nearly 20 countries, 


according to figures issued by the Business 

and Defense Services Administration 

(BDSA) US Department of Commerce. 
The total is based on figures obtained 





Based on statistics so far obtained from Foreign Service Offices, BDSA’s Power Equipment 
Division lists the following projected appropriations and expenditures covering the years 1958 









1958 
ARGENTINA 200 
COLOMBIA -— 
DENMARK* 7906 
EGYP1* 1304 
FINLAND 31 
INDIA* oe 
ITALY* eee 
LEBANON _ 
NORWAY* sin 
PAKISTAN* 140 
PORTUGAL 1890 
SPAIN 6976 
TURKEY 133 


UNION OF SOUTH AFRICA — 
VENEZUELA* = 
YEARLY TOTAL 18,580 





1959 1960 1961 1962 
(In thousands of US dollars) 
240 240 330 370 
-- —- 224 — 
7748 7229 7968 7521 
915 1136 1741 — 
219 906 219 — 
14,598 19,559 22,848 — 
25,120 8000 32,000 40,000 
at ee 64 ee 
2270 2429 1723 3591 
336 840 3788 a= 
1224 1427 — — 
6976 5500 5500 -— 
1333 1777 — — 
11,200 For 5-year Programme — 
4342 4427 4886 — 
76,521 53,470 81,291 51,482 





*Denotes Fiscal Year 


Pakistan plans three nuclear power stations 


Karachi Steps to have Pakistan’s first 
nuclear power station operating in 1965 
are now being taken. According to Dr 
I. H. Usmani, chairman of the Pakistan 
Atomic Energy Commission, the Inter- 
nuclear Company of Missouri is under- 
taking a survey of the country and is 
preparing plans for three nuclear power 
stations. 

A preliminary report from Internuclear 
is to be submitted this month (June) 
and a final report in August. Present 
proposals, Dr Usmani said, were for 
the stations, each having a minimum 
capacity of 100 MW, to be located in 
Karachi, Lyallpur in West Pakistan, and 
at Chittagong in East Pakistan. 


It is understood that negotiations are 
under way with the World Bank for 
finance for these three stations but this 
will be dependent on the feasibility study 
being carried out by the three-man team 
from Internuclear and Gibbs & Hill 
Inc. of the USA. 

Meanwhile, in preparation for the 
stations, the Pakistan AEC has completed 
plans for setting up a nuclear institute 
at Islamabad and for opening two train- 
ing and research laboratories at Lahore 
and Dacca Universities. A total of 80 
scientists were being sent abroad this 
year to receive training in nuclear 
science and it is hoped to have 400 
trained in the next five years. 
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Pakistan’s Ambassa- 
dor to the United 
States,Mr Aziz 
Ahmed, examines 
the control console 
of an AMF research 
reactor at Industrial 
Reactor Labora- 
tories, Plainsboro, 
New Jersey. AMF 
has developed a 
master plan for a 
complete nuclear re- 
search centre at 
Rawalpindi which 
will include aS MIW 

pool type reactor 


















from Foreign Service Offices. In addition, 
West German recommendations show an 
increase of $200 million and the Department 
quotes industry sources as reporting that 
Japan is buying a British nuclear power 
station costing $56 million while France is 
contemplating an expenditure of $253 
million this year. Overall, the potential 
expenditure is nearly $1000 million and the 
Division points out that there may be other 
expenditures being considered which have 
not yet been made public. 





Soviet research centre 
enlarges facilities 


Moscow Main work of the Central Asian 
nuclear research centre, near Tashkent 
Ulugbek, is at present devoted to the 
application of radioisotopes, according to a 
Soviet newspaper report. Production of a 
gamma-consistometer, designed by the 
Institute, has already started. This device 
is used for measuring the density of pulp, 
liquids and powdery substances. Other 
measuring devices are being developed. 

The centre is equipped with the first 
Soviet research reactor to be built in 
Central Asia and further facilities will 
include a nuclear physics laboratory and a 
cyclotron. 

Research projects in hand include a new 
method of processing silk cocoons with the 
aid of gamma radiation devices and 
experiments to extend the life of useful 
plants and bacteria. 


e South Africa About £181,000 of the 
£500,000 needed for a nuclear research 
institute for the Universities of Cape Town 
and Stellenbosch has been raised by 
donation. 


e United States Nap-100, a lightweight 
nuclear generator which converts electricity 
directly into electricity, is undergoing per- 
formance testing, say the makers, Westing- 
house. The 10 in high, 16 in diameter 
generator is designed to use radioactive 
isotopes as its heat source. 


e United States Complete proposals for a 
375 MW pwr have been filed with the 
AEC by Southern California Edison and 
Westinghouse. Initial negotiations for the 
$78 million station were made a year ago. 

” 
e United States An increase in containment 
time for rapidly-circulating hydrogen ions 
at moderate densities in a magnetic field, 
from a few thousandths of a second to about 
three seconds, has been reported by Oak 
Ridge National Laboratory fusion scientist 
C. F. Barnett. 


® Japan The Atomic Energy Com- 
mission has issued its fourth annual 
report in which it says that the nation’s 
first uranium concentrate of kilogram 
quantity obtained from domestic ores 
was produced during the year. 
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Symposium stresses uranium carbide uses 


Washington Discussion at the recent 
symposium on uranium carbides as reactor 
fuel materials held at Germantown, by 
the AEC, centred on the application to 
reactors, preparation and fabrication and 
irradiation data. 

Summarizing the meeting, Mr J. Connor, 
Fuels and Materials Branch, AEC Division 
of Reactor Development, said: *. . . we 
have heard that because of three prime 
properties—high thermal conductivity, 
high uranium density and high melting 
point and temperature stability—the use 
of this material in high temperature power 
reactors of the future is extremely likely. 
Although the material’s limitations as a 
nuclear fuel have not been fully defined, 


eW. Indies Studies will start in the 
summer near Bermuda to study the distri- 
bution of radioisotopes by ocean currents 
says the USAEC 


India revises fuel needs 


New Delhi To meet fuel needs of the 
proposed 300 MW nuclear power station to 
be built at Tarapore, the capacity of 
uranium metal plant and fuel fabrication 
facility at Trombay is to be increased 
400%. This expansion scheme will cost 
about £1,875,000 and is included in India’s 
Third Five-Year Plan. 

Other proposals include the setting up 
of a plant to treat irradiated fuel elements 
and to extract by-products. This is to be 
commissioned in 1962-63. 

Primary uranium production will also 
be increased and the Jaduguda Mines, the 
main source of uranium in India, will be 
developed fully at a cost of over £3 million. 
To cope with the increased flow of ore, an 
ore mill with an eventual capacity of 1000 
tons daily is to be built within three years. 


Study suggests AEC changes 


Washington A major revision of the AEC’s 
regulatory programme is proposed in a 
report by the Joint Committee of Atomic 
Energy staff. This recommends that a 
three-man Atomic Safety and Licensing 
Board be set up in the AEC. The members 
would be appointed by the President and 
confirmed by the Senate and would have 
final licensing authority and an active part 
developing regulatory standards and rules 
for reactors. The Board would review all 
proposed government-owned and privatelv- 
owned reactors with hearings to be com- 
pulsory before it for construction permits. 
It would also control the issue of specific 
and general materials licenses. 
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it would appear that in certain types of 
reactors, the unique characteristics of 
uranium carbide can and will be advan- 
tageously utilized ’. 

Next year, he added, would see a shift 
in emphasis from the preparation and 
fabrication of uranium carbide to compre 
hensive property determination, both out- 
of-pile and in-pile. Physical and mechanical 
properties, as a function of temperature, 
would receive added emphasis. Other work 
would deal with alloying additions to 
improve compatabilities, strength and/or 
corrosion resistance. Work on alloying 
additions to improve atmospheric handling 
was likely to expand. 


® Pakistan An agreement has been 
signed with a US firm for setting up 
a Pakistan Institute of Nuclear Science 
and Technology. 





e United States The AEC has author sed 
Commonwealth Edison to resume lim.ted 
operation of the Dresden nuclear pc wer 
plant which has been shut down s nce 
November, 1959, because of faults in the 
control rod drive mechanism. (See Wov/d- 
view, May, p 58). 


e@ United States The AEC has ordered the 
University of Wyoming to close dowr its 
L-77 solution type, light-water modersied 
reactor. During a Commission inspection, 
the inspector observed that the reactor was 
operating but was not attended by a 
licensed operator. 


US sends fuel for Turkish 


research reactor 

Ankara Natural uranium fuel for the 
Physics Department of the University 
of Ankara is to be shipped from the 
United States under the terms of the 
US-Turkish agreement on co-operation 
in the peaceful uses of nuclear energy, 
The cost of the 5500 kilograms of fuel 
is estimated at $100,000. A IMW AMF 
swimming pool reactor is being built 
in Turkey. 


PORTUGUESE REACTOR This | MW research reactor at Sacavem, seven kilo- 

metres north-east of Lisbon, was inuaugurated recently and is part of the facilities of 

the Junta de Energia Nuclear. Construction of the reactor was completed within 
18 months 


The interior of the > 

research reactor 

with the bridge that 

spans the top of the 

pool. It is the I5th 

that AMF has placed 
into operation 
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Tokyo Two years have been allowed for 
preparation for Japan’s second nuclear 
power station, according to the Japan 
Atomic Power Company. This will probably 
be installed in western Japan (see Worldview 
March p 56). 

The company stated that the reactor 
would probably be a light-water cooled 
type generating 200-250 MW. Part of the 
funds for this reactor would be raised 
abroad. The reactor type would probably be 
chosen from the US General Electric’s 
pwr, Westinghouse’s Pwr at Dresden or 


Canadian heavy water plans 


Ottawa A study into the economics of 
Canadian production of heavy water is 
being undertaken by the Research and 
Development Division of the Eldorado 
Mining and Refining Company. The 
president of the Crown-owned company 
told the Canadian House of Commons 
Research Committee that Eldorado was 
also studying the probable demand for 
both natural and enriched uranium. Other 
aspects of the company’s research pro- 
gramme included research into non- 
nuclear uses of uranium, including its 
use as an alloy in steel. 

Production of heavy water in Canada 
was abandoned after the war when it was 
found cheaper to buy the amounts needed 
for research from the United States. The 
former plant was situated at Strail, British 
Columbia. 


Savannah Hearing ends 


Washington The recent AEC hearing to 
consider the nuclear safety aspects of the 
N. S. Savannah went through without 
incident. There was virtually no opposi- 
tion to the ship’s nuclear propulsion 
system being operated The results have 
been submitted to the Commission which 
will decide whether to authorize the start-up 
of the reactor and its trials. 

A point that arose was that the stress 
corrosion cracking problems encountered 
with stainless steel components in the 
Dresden reactor might require modifying 
similar components in the Savannah. 

The Savannah is undergoing non- 
nuclear tests at the moment. She is virtually 
complete and the date of her sea trials is 
expected to be announced shortly. A con- 
tract for the vessel was awarded in 1957 
to Babcock & Wilcox for development 
and fabrication of the 74 MW pwr and 
also one for building the ship, to the New 
York Shipbuilding Corporation. The opera- 
tor is to be the States Marine Lines. 
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Japan’s second power reactor 


the Yankee plant in Massachusetts, the 
company added. No indication was given 
of when a team would go to the USA to 
make a preliminary survey of these types 
with particular reference to operating 
records. 

The choice of site is expected to be 
difficult though the company has decided 
broadly to situate it in the western part of 
Honshu Island. However, no such readily 
available site such as at Tokai Mura 
exists arid detailed studies will have to be 
made. 


e United States The state of Rhode Island 
has bought a 30 MWt open pool research 
reactor from the GE Company for 196? 
operation. 

e United States Major construction work 
has started on the 60 MW Bwr to be built 
for Pacific Gas and Electric at Humboldt 
Bay, California. 
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@ Australia 


Growing interest in the 
industrial uses of radioisotopes is being 
shown in Queensland, according to the 
Minister for National Development, 
Senator Spooner. 


e United States Columbia University is to 
buy a TRIGA Mark II research reactor. 


e United States A _ successful 500-hour 
testing programme at 110 MW has been 
completed at Yankee Atomic Electric 
Company’s PwR at Rowe, Massachusetts. 


Atomics International 
orders Hallam fuel 


New York Atomics International has 
placed an order for about two tons of 
3:7% enriched uranium carbide with the 
Spencer Chemical Company. It is thought 
that the material will be used for proto- 
type fuel elements for the 75 MW Hallam 
sodium graphite reactor being built by AI 
in Nebraska. The reactor is scheduled for 
early 1962 completion. 


AEC issues new Costs Manual 


Washington A ‘ new bible ’ for economists, 
at least until the IAEA issues its manual 
on costs, has been released by the USAEC. 
Entitled ‘Costs of Nuclear Power’, this 
report is a revised version of an earlier 
edition published in July, 1959. It deals 
with plants in operation, being built or 
being designed for construction at an 
early date. 

Several new reactor projects are included 
in the present report (compared to the 
previous) and a breakdown into major 
components is given of the capital cost of 
US and foreign nuclear power plants— 
the report cites 30 overseas plants in addi- 
tion to 22 in the US. An attempt is also 
made to consider power costs on the basis 
of consistent definition and assumptions 
for the various nuclear power plants and 
for comparable fossil fuel plants. 

While restating that nuclear power 
must depend primarily on reductions in 
costs resulting from research, development, 
engineering and production activities to 
become economically competitive with 
power from fossil fuels in the next decade 
(as against becoming competitive because 
of an increase in fossil fuel prices), the 
report also carries two particularly useful 
tables. One gives the reported costs of 
constructing specific nuclear power plants 
and the other, the design values of efficiency 
and steam conditions for given nuclear 
plants. 

Two other reports of interest in the cost 
field have recently been issued. The first 
comes from the AEC, through the Depart- 
ment of Commerce, setting out a complete 






guide for planning, setting-up, and operat- 
ing nuclear power plants which are to have 
superheaters of such fossil fuels as coal, 
oil and gas. The other, from the Shell 
International Petroleum Company Ltd, 
deals with the economics of small power 
reactors with special regard to the needs of 
less-developed countries. This useful study 
reiterates that over the next 15 years, 
small stations (up to 100 MW) are unlikely 
to become generally competitive with 
conventional plant under the conditions 
which exist in less-developed countries. 


Capacity, Total cost Costs $ 
Gas-cooled net MWe (S$ million) net kWe 


AVR (W. Ger.) 15 9-5 630 
EGCR 22-3 30-6 1370 
AGR 27-3 24-6 900 
EDF-1 60 33 550 
Berkeley 137-52 123 450 
Bradwell 150x 2 134 450 
Hunterston 150x2 115 380 
JAPC (Japan) 158 85-6 540 
EDF-2 170 59 340 
Latina 200 73 370 
Hinkley Point 2502 186 370 
Trawsfynydd 2502 172 340 
Dungeness 275X2 169 310 
Sizewell 290 x 2 154 270 
EDF-3 300 140 350 


(A selection from Table 4, ‘ Costs of Nuclear 
Power ’) 

’ Costs of Nuclear Power’, (T1D-8531), USAEC, 
Office of Technical Information, price 50 cts. Available 
from Office of Technical Services, US Department of 
Commerce, Washington 25. 

*An Evaluation of Fossil Superheat for Nuclear 
Power Plant’, 297 pp, price §3.50. Available from 
Office of Technical Services, Business and Defense 
Services Administration, US Department of Com- 
merce, Washington 25. 

Nuclear Reactors No. 5. ‘ The Economics of small 
nuclear power stations.’ Shell International Petroleum 
Company, Economics Division, Great St. Helen's 
London, EC3. 
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PM-1 REACTOR A full-scale model of 
a two-year loading for the PM-1 | MW 
reactor is examined by two Air Force 
technicians. This US optimized, porta- 
ble pressurized water reactor will be 
installed and tested in Wyoming and 
was developed under the Army nuclear 
power programme 


SL-| reactor to be decontaminated 


Washington Plans for decontaminating and 
dismantling the 3 MW s--1 reactor have 
been submitted to the AEC. Before any 
steps are taken, however, the AEC will 
consult the Ad Hoc Advisory Committee 
appointed to consider the future use or 
disposition of the st-1. The st-1 (Station- 
ary Low Power Reactor No. 1) has not 
been in operation since January 3 when an 
accident resulted in the death of three 
persons. (See NUCLEAR POWER, March, 
p 96 and February, p 59). 

Meanwhile, the Ad Hoc Committee has 
reviewed data which has become available 
since its initial report on January 12. It 
also examined a report from Combustion 
Engineering Inc, operating contractor for 


e United States Construction has been 
started on waste disposal facilities for the 
Saxton Nuclear Experimental Corpora- 
tion’s 5 MW pwr at Saxton, Pennsylvania. 


Japanese give details of ore-carrier 


Tokyo Further details of the study of a 
nuclear ore-carrier made by the Nippon 


PRINCIPAL CHARACTERISTICS 


Length overall 747-84 ft 
Length B.P. 708-48 ft 
Moulded breadth 100-04 ft 
Moulded depth 52-48 ft 
Designed draught 37-72 ft 
Gross tonnage 30,000 tons 
Deadweight tonnage 46,000 

Ore hold capacity 25,884 m 
Max. speed, fullload 18 knots 


REACTOR DETAILS 


Output 63 MWt 

Fuel 116 kg U 235 (2-35%) 

Core cylindrical prism, 54-5 
in diameter, 44-9 in 
high with 104 fuel 
assemblies 

Elements neutron flux (th. av.) 
2-45 x 10'3 n/cm? sec 

Burn-up 11,700 MWdt 


Pressure vessel 


Carbon steel, stainless 
steel clad. 16-3 ft high; 
inside diameter 6-3 ft 
thickness 3 in; design 
pressure 1150 psia 





Nuclear Ore-Carrier Joint Study Group 
(see Worldview, February, p 57) bring out 
more of the design features of the vessel 
and its indirect cycle boiling water reactor. 


The ship examined by the Study Group 
was a 46,000 dwt, 22,000 shp carrier 
powered by a 63 MWt Bwr. Choice of the 
carrier over a tanker was because: other 
tanker studies were being carried out; the 
hull construction of a carrier was similar 
to that of a tanker; the proposed opera- 
tional area (of the carrier) would have 
limited fuel supplies; its cargo would have 
no fire hazard and because AEC reports 
in 1958 and 1959 had indicated that a 
carrier would be the first economical 
nuclear-powered vessel. 


A high fuel burn-up ratio is aimed at. 
Total burning period is given as 3-6 years. 
The core is divided into three portions so 
that every 1-2 years, fuel elements in one 
of the three portions is changed. At the 
same time, the other fuel elements are 
re-arranged. 


length. bp 216 0m 
breadth. mid 30'5m 
depth. mid 160m = 
draught. mid 115m 
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the sL-1, that there was little or no wate® in 
the reactor vessel. This report was m de 
after the introduction of two probes i ito 
the reactor vessel in April. (Without w: ter 
in the st-l core to moderate neutr: is, 
another criticality cannot occur). “he 
absence of water is contrary to an ear ier 
assumption based on studies of mot on 
pictures of the inside of the reactor vessel. 


Entry into the reactor building has been 
prohibited pending determination of the 
reactor’s status. Present radiation readings 
in the reactor room range from 30 roent- 
gens per hour to less than 200 roentgens 
per hour. Readings immediately after the 
accident ranges from 50 to 100 roentgens 
per hour. The high readings were over the 
top of the reactor. 


® Japan The Atomic Industrial Forum 
and the US Atomic Industrial Forum 
are to hold a joint conference in Tokyo 
from December 5-8. 


e United States The mi-1 (Mobile Low 
Power Prototype Reactor) is undergoing 
pre-startup testing at the National Reactor 
Testing Station. ML-1 is a direct cycle 
gas cooled system designed to produce 
330 kWe. 


e United States Michigan Chemical Cor- 
poration is purchasing 100 tons of Malayan 
monazite from the UKAEA. 


e South Africa The pilot plant for pro- 
ducing uranium metals and salts, which 
went into operation in November 1960, 
was Officially opened in April. 

e@ United States The number of workers 
at AEC plants injured during 1960 was the 
lowest on record, according to Mr A. R. 
Luedecke, AEC General Manager. 

e Australia The Government has decided 
to accept a favourable tender for the 
mining of the newly discovered uranium 
orebody at Rum Jungle Creek South, 
Northern Territory. 

e@ United States A provisional AEC operat- 
ing license has been issued to the National 
Aeronautics and Space Administration for 
its 60 MWt light water cooled and mode- 
rated research reactor at Plum Brook. 
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OOLING OF A heated surface in a channel by a liquid in 

forced convection is normally more efficient than cooling 
by a gas or vapour stream. In general, there is a lower tempera- 
ture difference between the heated surface and the bulk 
stream, allowing a very much higher heat flow per unit area 
of surface normal to the coolant flow (heat flux) for the same 
surface temperature. 

However, as the heat flux is continuously increased, a point 
comes where the cooling process efficiency is drastically 
reduced, causing, for conditions of constant surface heat flux, 
a sharp rise in surface temperature. This condition can occur 





The problem of burnout, the point where a self-heated 
element will burn out because of the heat flux, is outlined 
for liquid cooled systems. The hydrodynamic and heat 
transfer characteristics of a tube in which liquid is being 
totally evaporated are discussed in detail. Next month’s 
article will discuss the way in which the burnout process can 
occur in different hydrodynamic regions and review the 
available experimental evidence. New relationships between 
burnout heat flux and quality, pressure and mass velocity 
will be put forward indicating more complexity in the pro- 
cess than has hitherto been suggested. 











both for liquids whose bulk temperature is below the saturation 
temperature and for liquids which are boiling or evaporating. 
The extremely rapid rise of the surface temperature may 
(though not generally) result in the melting or rupture of the 
heating surface. Bowring and Roberts (/) have made a plea 
for the precise definition of the terms used in this field; they 
feel, rightly, that the term ‘ burnout heat flux ’, which literally 
means the heat flux at which a self-heated element will melt or 
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Is burnout clearly understood ? This review, which 
puls forward some new ideas on the subject, follows 
up our recent article on the spray-cooled reactor 


Burnout in liquid cooled 


by J. G. COLLIER, B.Sc.(Eng.), A.M.1I.Chem.E., Chesnical Engin- 
eering Division, AERE, Harwell 


reactors - | 


rupture, has been abused by many writers who use it to denote 
the heat flux at which the rapid deterioration of the cooling 
process occurs. Although this common usage of ‘ burnout 
heat flux ’ is strictly incorrect, it was decided to use the term 
in this paper because of the lack of an alternative to cover the 
precise condition of the point at which the rapid temperature 
rise is initiated. Alternatives suggested by Bowring and Roberts 
are unacceptable for reasons given later; other terms are used 
as defined by Bowring and Roberts. 


Previous correlations 

The US and Soviet power reactor programmes have been 
based on water cooled reactor systems. As a result, the 
problem of ‘burnout’ has been extensively investigated 
experimentally (2, 3) and, to a lesser degree, theoretically 
(4, 5) in these two countries. Correlation of the experimental 
data has been attempted but with only limited success. Three 
types of correlating procedure have been adopted: 


(i) Correlations where attempts have been made to look at, 
and write down equations for, the hydrodynamic and heat 
transfer processes occurring in the heated channel and to 
relate these to the ‘burnout’ condition (4, 6). 


(ii) Empirical correlations which have achieved a limited 
success in that, for the particular range of conditions experi- 
mentally tested, it is possible to write equations for use by 
reactor design engineers which will ensure that a sufficient 
margin of safety is available over and above the maximum 
operating heat flux (2, 7). The limitation is that no justifi- 
able extrapolation may be carried out beyond the experi- 
mentally covered range of conditions. 


(iii) Correlations based on statistical theory which make no 
assumptions whatever about the mechanisms involved in 
the ‘ burnout’ condition but solely attempt a functional 
relationship between the ‘burnout heat flux’ and the 
numerous experimentally controlled variables (8). This 
type of correlation is also limited by the fact that no justifi- 
able extrapolation is possible. 
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The ultimate objective must be a complete understanding of 
the fundamental ‘burnout’ mechanism or mechanisms and only 
the first of the above three methods of attack can be said to 
have this in mind. The second and third methods can only be 
considered as stopgap measures until such time as a generalized 
method based on the physical processes occurring in the 
channel is possible. This paper’s object is to give a qualitative 
picture of the hydrodynamic and heat transfer processes which 
appear to be occurring and, from these observations, to draw 
certain conclusions regarding the mechanisms of ‘burnout’. 
Only the conditions in a simple vertical tube will be dealt with. 


HYDRODYNAMIC AND HEAT TRANSFER 
CONDITIONS 


Consider a long vertical tube, to the walls of which is applied 
a uniform low heat flux (Fig. 1). Cold water is introduced 
under forced convection at the base. In the lowest section, A, 
the water is simply increasing in temperature and the hydro- 
dynamics and heat transfer are governed by the ordinary laws 
of forced convection. As the temperature of the water rises 
and approaches the boiling point, the surface temperature 
which is in excess of the bulk temperature finally reaches the 
saturation temperature. When the surface temperature 
exceeds the saturation temperature by a few degrees, the 
liquid in contact with the heated surface is superheated to a 
sufficient amount to allow bubble formation at favoured 
points of nucleation. The vapour bubbles grow large enough 
to detach and travel into the cooler bulk stream where they 
collapse. This section, B, is known as the ‘ subcooled boiling 
region’. 

When the bulk stream temperature of the liquid reaches the 
saturation value, the detached bubbles no longer condense 
but become dispersed in the turbulently flowing water. This 
region, C, is known as the ‘ nucleate boiling region with vapour 





NOMENCLATURE 


total heated area of test section (ft*) 
parameter in equation (1) 

diameter of heated test section (ft) 
total mass velocity (Ib/h ft?) 

heat transfer coefficient (Btu/h ft? °F) 
constant in equation (1) (dimensionless) 
droplet mass transfer coefficient (ft/h) 
length of heated test section (ft) 
pressure (Ibf/in?a) 

total heat transferred (Btu/h) 

heat flux (Btu/h ft*) 

temperature (°F) 

specific volume (ft®/Ib) 

the ‘ boiling velocity’ (as used by Vanderwater) 
(ft/h) 

steam quality (°% by wt.) 

thickness of liquid film (ft) 

degree of subcooling (°F) 

degree of superheat (°F) 

latent heat (Btu/Ib) 

surface tension (Ibf/ft) 


difference in surface tension of liquid caused by 
heat transfer (Ibf/ft) 











generation ’ and the two-phase hydrodynamic flow pattern 
termed ‘ bubble flow ’. 

Further up the tube, the increase in bubble concentration i; 
such that bubbles start to coalesce to form larger bubbles 
slugs. Region D represents an unstable condition in which t 
phases are becoming inverted from continuous phase-water 
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Regimes of two-phase flow (Fig. |) 


continuous-phase steam giving the hydrodynamic flow patterns 
of * slug flow ’, ‘ churn flow ’ or ‘ froth flow ’. In region E, we 
can see that the steam has increased in proportion to the water 
to the point where it has become the continuous phase. The 
water has been displaced to the walls and is now in the form 
of a thin, relatively slow moving film of superheated fluid 
while the steam flows as a high velocity gas in a central core. 
This flow pattern is termed ‘ annular flow ’. In practical cases, 
owing to the collapse of bubbles there is usually also some 
spray in this region. 

Still further up the tube, the steam velocity in the core has 
become high enough for the resulting shear forces to begin to 
disrupt the surface of the film dispersing the liquid in the form 
of droplets in the high velocity gas core. Further increases in 
steam velocity yield a marked increase in the proportion of 
spray; in fact, the bulk of the water now flows in this dispersed 
form. This region, F, is termed the ‘ spray or liquid dispersed 
region ’. There is no sharp boundary between E and F. 

Throughout regions E and F, the thickness of the liquid 
film on the wall decreases until a point is reached where the 
film disrupts and vanishes. Above this point, region G, there 
is simply a dispersion of droplets in the steam—the ‘ liquid 
deficient region’ which changes over to dry or superheated 


NUCLEAR POWER June 1961 





stear in region H. In regions G and H heat transfer occurs by 
the normal convective processes as applied to dry saturated 
steam; although in region G there is room for argument about 
the properties of the coolant to use in calculations. 


The subcooled boiling region 


The condition of burnout in a liquid cooled channel cannot 
be initiated while the surface temperature is below the satura- 
tion temperature, i.e., in region A. In the subcooled boiling 
region, the heating surface temperature remains essentially 
constant at a number of degrees above the saturation tempera- 
ture while the bulk steam temperature is increasing to the 
saturation temperature. The amount by which the surface 
temperature exceeds the saturation temperature is known as 
the ‘ degree of superheat ’; the difference between the satura- 
tion and bulk stream temperatures is known as the ‘ degree of 
subcooling ’. At higher heat fluxes, the onset of subcooled 
boiling is encountered at higher degrees of subcooling and the 
vapour bubbles may grown and collapse while still attached 
to, or even sliding along, the heating surface. The heat transfer 
coefficient is greatly enhanced in the subcooled boiling region. 
Figure 2 shows the variation of heat transfer coefficient in the 
subcooled region and the quality region. 

As the heat flux is increased so the degree of superheat is 
increased, this being dependent on approximately the cube 
root of the heat flux. The population of bubbl2 nucleation 
centres appears to increase as the square of the heat flux (9). 
Hence the heat removed per nucleation centre falls with 
increase of heat flux; this is believed to be due to local 
convection between the bubbles being responsible for most of 
the heat transfer and being restricted by contiguity of the sites. 
Nevertheless, the rate of bubble production at each centre 
also increases slowly with increasing heat flux until the bubble 
centres are so closely spaced and bubbles follow each other so 
frequently that they interfere with one another. The form of 
this interference is not positively known; one suggestion (4) 
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Variation of heat transfer coefficient with quality (Fig. 2) 


is that the bubbles join together to form continuous oscillating 
vapour columns near the surface and that interaction of these 
unstable vapour columns occurs, causing the area of the heat- 
ing surface between the vapour columns to be starved of 
liquid. An unstable vapour patch momentarily insulates the 
heating surface, causing a local rise in the surface temperature. 
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Very small increases in the heat flux above this point will 
cause many vapour columns to interact, forming large semi- 
stable patches of vapour on the surface which allow quite 
large surface temperature rises. Above a critical temperature 
(the Leidenfrost point), (/0) the heating surface can no longer 
be wetted by the liquid and the vapour blanket becomes 
permanent over the surface. As this is occurring, the tempera- 
ture of the surface, now completely insulated by the vapour 
film, will have almost instantaneously increased by a thousand 
degrees or more and stable film boiling will be initiated. This 
is the probable mechanism of ‘ burnout’ in the subcooled 
boiling region. 

Experiments (7, //) carried out in the subcooled boiling. 
region indicate that an increase in the degree of subcooling 
(A Tyyp) or the liquid mass velocity (G) increases the value of 
the ‘burnout’ heat flux. At constant values of the subcooling 
and the mass velocity, the ‘burnout’ heat flux appears to 
decrease with increasing pressure in the range 500-2000 Ibf/in* 
for water. It has been suggested in the USA(2) that the 
‘burnout heat flux’ is also dependent on the length to dia- 
meter ratio(L/D) of the test section. However, Bowring (/2), 
having re-examined the experimental data on which the 
suggestion was based, has found no conclusive evidence of an 
effect for high degrees of subcooling (> 20°F). 


Nucleate boiling in the quality region 

The primary variable in the regions C to H is the ‘ quality ’ 
of the mixture (the ratio of the steam flowrate to the total mass 
flowrate). The boundaries of the regimes of flow are not at all 
clearly defined, particularly at high pressures where no visual 
observations have been made. Nevertheless, it is possible to 
construct a flow pattern chart for steam and water based on 
visual observations at low pressures, usually with air and 
water. One such chart has been prepared recently by Goldmann 
et al (13) using Baker’s (/4) flow pattern chart as modified by 
Isbin et al (15). The various two-phase hydrodynamic flow 
patterns are indicated as functions of the quality (x%) and 
the total mass velocity (G lb/h ft”) for three different pressures 
(Fig. 3). 

The first observations to be made are that the bubble or 
froth flow region which most people associate with water 
boiling at high pressure in a channel, occurs only up to a 
quality of 20% by weight at pressures even as high as 1500 
Ibf/in? and that for mass flowrates of interest in nuclear 
reactors (greater than 10° Ib/h ft?) most of the quality region 
is either in the annular or dispersed flow regions. 

The mechanism of heat transfer in the bubble and froth 
regions is that of ‘ surface nucleate boiling °. Like the subcooled 
boiling process, a thin layer of liquid near the walls is super- 
heated to a sufficient degree to allow nucleation at the walls. 
Indeed, the processes of subcooled boiling and nucleate 
boiling in the quality region are essentially the same near the 
heating surface. The change from one region to the other is a 
very smooth transition. This is shown in Fig. 1; it is seen that 
the degree of superheat (A7,,) remains unaltered by the change. 
The mechanism of ‘burnout’ in the nucleate boiling region is 
also essentially the same as that described for the subcooled 
case. Thetheory of ‘burnout’ based on the interaction of vapour 
columns was, in fact, first proposed by Zuber (4) for the satu- 
rated pool boiling process and later applied to the subcooled 
condition. 

The effects of the independent variables, heat flux (Q/A), 
total mass velocity (G) and system pressure (P) on the heat 
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transfer coefficient are shown in Fig. 2. It can be seen that an 
increase in the pressure or heat flux increases the coefficient 
but that the mass velocity appears to have little effect. 


Transition from nucleate boiling 


As the quality increases through the nucleate boiling region, 
a point (X) is reached where a fundamental transition in the 
mechanism of heat transfer takes place (16). The process of 
‘boiling’ is replaced by the process of ‘ evaporation’ 
according to the definition of Roberts and Bowring (/). This 
transition is brought about by a change in the hydrodynamic 
flow pattern from bubble or froth flow to annular or dispersed 
flow. In the latter regions, the thickness of the thin liquid film 
on the heating surface is usually such that the effective 
thermal conductivity is sufficiently high to prevent the liquid 
in contact with the wall being superheated to such a tempera- 
ture as to allow bubble nucleation. Heat is now carried away 
from the surface by forced convection in the film to the liquid 
film-vapour interface where evaporation occurs. Since 
nucleation of bubbles is completely suppressed, the heat 
transfer process can no longer be called ‘ boiling ’. The region 
beyond the transition point has been referred to as the ‘ two- 
phase forced convective region ” of heat transfer. 

It can be demonstrated that this transition in the heat 
transfer process is closely related to and probably caused by 
the change in hydrodynamic flow pattern from bubble or 
froth flow to annular or dispersed flow. Superimposed on 
Fig. 3a is the experimentally determined boundary between 
the nucleate boiling region taken from heat transfer measure- 
ments made with steam-water flow in a vertical annulus at 
pressures just above atmospheric (/6, /7). The exact locus of 
the transition point (X) as a function of mass flowrate and 
quality is dependent on the level of heat flux. This can be seen 
from Fig. 2. The curve shown on Fig. 3a is drawn for a heat 
flux of 6:2 x 10* Btu/h ft?. However, if a higher heat flux had 
been chosen the curve would have been displaced very slightly 
to the right. It is suggested that the transition between bubbie 
or froth flow and annular or dispersed flow will cause a tran- 
sition in the heat transfer process at higher pressures also and 
that a fair approximation to the locus of the point X at these 
higher pressures will be given by this hydrodynamic boundary 
(Figs. 3b and c). 


The two-phase forced convective region 


Heat transfer in this region is characterised by an increasing 
coefficient with increasing quality of the steam-water mixture 
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(Fig. 2). Heat transfer through the liquid film is entirely 
governed by the hydrodynamic conditions of the film (i.e., its 
thickness, velocity distribution, etc.). These in turn are 
largely governed by the conditions in the vapour core which 
exerts the shearing force at the liquid-vapour interface. 
Generally, an increased vapour velocity, caused either by an 
increase in quality at constant mass velocity or an increased 
mass velocity at constant quality, results in a decrease in 
film thickness, an increase in the effective thermal conductivity 
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Effect of heat flux upon heat transfer coefficient: (a) as deduced 
from Vanderwater’s work; (b) as suggested by present work 
Fig. 4) 


(Fig. 


of the film and higher heat transfer coefficients. Unlike the 
boiling region, the level of heat flux has only a minor effect 
caused by modification of the physical properties of the liquid 
film arising from slight variations in the mean film temperature. 

For most conditions, the liquid film is extremely thin 
(between one and ten thousandths of an inch) and with heat 
fluxes of the order of 10°-10* Btu/h ft? it would be totally 
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evapo: ated in a short length; it could be argued that it is only 
the fact that it is being continuously replenished by absorbing 
droplcis from the vapour core that prevents its disappearance. 
(This aspect will be returned to later.) In addition, the surface 
of the film is not smooth but wavy and the very high shearing 
forces tend to re-entrain liquid from the film and disperse it in 
the core as droplets. Thus, there is a continuous mass inter- 
change between the droplets in the core and the liquid film. 
It should also be noted that droplets entering the liquid film 
diffuse through a current of vapour travelling away from the 
film surface with a low velocity (approximately 1/500th of the 
velocity parallel to the surface). 

Heat transfer coefficients in the two-phase forced convective 
region are very high. Values up to 10,000 Btu/h ft? °F have 
been reported for the water-steam system at substantially 
atmospheric pressure (J6) while at moderate pressures 
(300-700 Ibf/in?a) coefficients as high as 40,000-60,000 Btu/h 
ft? °F have been measured (/8, 19). 

It is generally agreed that ‘burnout’ in this region is due to 
the disruption of the liquid film on the heating surface. This, 
clearly, is in no way associated with the mechanism of 
‘burnout’ in the ‘ boiling’ regions. It is here that the difficulty 
regarding terminology arises; the terms ‘ critical heat flux ’(/) 
or ‘departure from nucleate boiling (DNB) ’(2) are not 
acceptable. 

Various workers have taken the film breakdown concept 
as a basis for their correlations. Cicchitti et a/. (6), Vander- 
water (20) and Goldmann et al. (/3)all consider that the onset 
of the ‘burnout’ condition in this region is governed by the 
diffusion of liquid droplets to the heated wall. Cicchitti et al. (6) 
and Goldmann etal. (/3) postulate that the ‘burnout’ point is 
reached when the net replenishment rate of water in the form 
of droplets entering the liquid film equals the rate of vaporiza- 
tion at the film surface. 

Vanderwater (20), on the other hand, set up two simul- 
taneous differential equations describing the liquid distribution 
in a channel taking into account the diffusion of droplets from 
the vapour core, the re-entrainment of liquid from the film 
surface and the vaporization of liquid in the film. He assumed 
that ‘burnout’ occurred as the liquid film thickness described 
by these equations reduced to zero or a very low value. 

Unfortunately, due to the lack of data on the diffusion and 
re-entrainment processes, all three workers had to test their 
models by applying their respective equations to experimental 
‘burnout’ data toevaluate the unknownrelationships governing 
the mass transfer coefficient and the re-entrainment function 
in terms of the independent variables. 

This method led Vanderwater to some interesting con- 
clusions. In his equations the droplet mass transfer coefficient 
(k,) was related to the total mass velocity (G) by an equation 
of the form 


k, =bG' (1) 


Vanderwater concluded that the index j had a best fit value 
of — 0-5 whereas normal molecular mass transfer would yield 
a value of 7 equal to +0-8. Vanderwater attributed this 
remarkable conclusion to two factors. First, the effect of the 
current of vapour travelling away from the film and, secondly, 
the fact that droplets do not behave in the same manner as 
molecules. 

It has been noted earlier that the current of vapour travelling 
away from the film is only a very small fraction of the linear 
gas velocity parallel to the film surface. Vanderwater argued 
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that the droplet mass transfer coefficient should decrease with 
increase of the velocity of steam away from the film surface 
(Vg). He suggested that Vg increased as the mass velocity 
parallel to the film surface increased. (The reason for this is 
not stated and is by no means evident; by definition Vg = 
({Q/A] (vg—v)/), whereas at constant pressure, the only 
variable which affects Vg is the heat flux Q/A.) From this he 
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Factors affecting the breakdown of a heated liquid film (Fig. 5) 


argued that the droplet mass transfer coefficient should 
decrease with increasing mass velocity. 

The second reason quoted would not appear to alter signifi- 
cantly the magnitude or sign of the index j based on the evi- 
dence of Alexander and Coldren (2/) who measured the 
droplet mass transfer coefficient for the air-water system. 
They observed a value of j equal to +1-17—not very far 
removed from the value for molecular mass transfer. 

If Vanderwater’s theory accurately describes the liquid 
distribution in the channel at various points along the length, 
the thickness of the liquid film before the ‘burnout’ point would 
be affected by the level of heat flux (since Vg in Vanderwater’s 
equations markedly affects both the droplet mass transfer 
coefficient and the re-entrainment function in the same sense). 
This variation of film thickness with heat flux at nominally 
similar conditions of quality, mass velocity and pressure would 
manifest itself as a similar change in heat transfer coefficient 
before the ‘burnout’ point (Fig. 4a). This is contrary to what is 
observed at both low (J6) and medium pressures (/8, 19). 
Indeed, the level of heat flux is shown to have little or no 
effect on the heat transfer coefficient before ‘burnout’ for 
similar conditions of quality mass velocity and pressure 
(Fig. 45). 













A suggested mechanism for ‘burnout’ in the two 
phase forced convective region 


Let us assume that, under most cases (although probably 
not all) the rate of mass interchange between the vapour core 
and the liquid film is not the limiting process in the ‘ burnout’ 
mechanism. And also that the level of heat flux being trans- 
ferred across the liquid film has little effect on the mass 
interchange processes and on the liquid film thickness, all 
other conditions remaining constant. No attempt can or will 
be made to justify these assumptions at present. 
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Consider a section of the heated tube (Fig. 5a) through which 
the steam-water mixture is passing. The liquid film thickness is 
shown as a function of quality rather than length since the 
diagram is thus made independent of the heat flux level. It is 
suggested that there is a maximum limiting value of heat flux 
which can be sustained by a liquid film of a certain thickness 
prior to the disruption of the film. As the thickness of the 
liquid film is increased, so the maximum heat flux which can 
be sustained also increases (Fig. 5). It will be noted that the 
curve does not pass through the origin since even when the 
surface is unheated, disruption of the film occurs at a finite 
value of film thickness. 

The phenomenon of ‘ dewetting’ of surfaces over which 
liquid films are flowing under conditions of mass (22) or heat 
transfer (23) is well known in chemical engineering. The 
mechanism of dewetting is, however, not at all understood. 
Norman et al. (22, 23) have suggested that the phenomenon 
may be explained by consideration of surface tension differ- 
ences which appear as a result of the mass or heat transference. 
The liquid film is not of uniform thickness due to the presence 
of ripples. When heat is transferred through the film, the thinner 
parts attain a higher temperature and hence a lower surface 
tension than do the thicker parts. Thus the thicker parts of 
the film tend to draw liquid from the thinner parts with the 
result that the film becomes even more unstable and event- 
ually breaks down. 

The postulated relationship between the mean film thick- 
ness just before ‘burnout’ (y¢;i,) and the ‘burnout heat flux’ 
(Q/Amax) (Fig. 55) may now be explained in terms of Norman’s 
hypothesis. The mean film thickness (ycrit:) can equally well 
be represented as a function of the temperature difference 
between the wall and the liquid film-vapour core interface 
(the saturation temperature) at the ‘burnout’ condition. If it is 
assumed that the thin parts of the film approach the wall 
temperature and the thick parts, the temperature at the 
film-vapour core interface (75a), then the difference in surface 
tension (Ac) can be evaluated (Fig. 5c) (c.f. Fig. 16, ref. (22). 

Norman also suggested that the actual value of the average 
liquid surface tension should be introduced into the correla- 
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tion by plotting the product Ac xo against the film thickn:ss, 
However, the inclusion of o as a product has no easily vis:ble 
physical significance (24). 

Norman’s hypothesis shows the relationship in Fig. 5) to 
be credible. Let us now demonstrate the effects of quality .nd 
mass velocity on the ‘burnout heat flux’ using this relations ip, 
As the quality (x) increases at constant mass velocity (G), the 
linear vapour velocity is increased, causing the liquid film to 
be thinned so reducing the maximum flux which can be 
sustained. If the mass velocity is increased at constant quaiity 
then both the water and steam flowrates are increased, 
Collier and Hewitt (25) have shown that at high mass vclo- 
cities, where a high percentage of liquid is already entrained 
in the vapour stream, the film thickness and film flowrate are 
dependent almost entirely on the gas velocity alone. Any 
addition of water above a critical value set by the gas velocity 
results in all that water being entrained in the gas core, leaving 
the film thickness and film flowrate virtually independent of 
the water flow to the channel. These conditions prevail for the 
majority of the experimental ‘burnout’ measurements taken in 
the forced convective region. The effect of an increase in mass 
velocity then is virtually that of increased vapour velocity, 
again causing a reduced film thickness and a reduced maximum 
heat flux. These effects are shown qualitatively in Fig. 6. No 
prediction on the effect of pressure can be made from this 
qualitative model. 
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HE ADVENT OF nuclear power stations has made a new 
p fucionters to the design of instrumentation and safety 
circuits necessary. The maximum degree of safety in opera- 
tion is required. But heavy financial losses are incurred if a 
reactor is tripped unnecessarily, with the failure of perhaps 
hundreds of megawatts of generating capacity for a period 
of some hours. 

As the reliability of electronic instruments is probably 
below that required, research has been carried out into 
methods of assuring safe but secure operation. What is 
required is a definite and rapid tripping of the reactor when- 
ever an incipiently dangerous condition genuinely exists, 
combined with stability against random failures of equipment. 
This can be achieved by applying principles of redundancy 
and coincidence to the circuit design. 

The original ‘2 out of 3” arrangement was arrived at 
almost intuitively but more sophisticated systems were 
developed later, based on probability analysis. However, it 
does not seem that a quantitative definition of safety and 
serviceability, such as is proposed here, has been attempted 
previously. 


















SERVICEABILITY 

Aiming at the economic optimum between serviceability 
and safety, it is clear that the probability of an event (spurious 
trip or accident) cannot be immediately converted into finan- 
cial terms. A financial sum can be associated only with the 
expected occurrences of these events. 

Therefore, the expected occurrences of spurious trips in 
20 years will be assumed to represent the degree of service- 
ability of the safety system. It should be emphasized, how- 
ever, that according to this definition, serviceability is the 
greater the less the number of spurious trips. 















SAFETY 

For the same reason, the expected occurrences of dangerous 
conditions in 20 years should be assumed to represent the 
degree of safety. 

An unsafe condition is not necessarily a dangerous condi- 
tion as the latter implies the simultaneous occurrence of a 
reactor fault or of a reactor condition in which the faulty 
part of the instrumentation is required to work properly. 
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Safety and serviceability 
in reactor safety circuits—I 


by U. BROCCARDO, Dott. Ing. Nuclear Department, Kennedy and Donkin 


The statistical approach to reliability in the design and testing of missiles and 
rockets has been standard practice for many years; this approach has been 
extended to the problem of reactor and control instrumentation reliability 





In the absence of any information about this last point, 
the pessimistic assumption is made that every unsafe condi- 
tion is a dangerous condition and the expected occurrences 
of unsafe conditions in 20 years will be assumed to represent 
the degree of safety of the system. 

Again, this figure would rather represent the degree of 
danger but it will be used because of its immediate conver- 
sion in terms of financial losses. 


PROCEDURE 
The starting point is a certain figure, obtained experi- 
mentally or estimated, for the fault rate of a given channel. 
The first step is to calculate the probability of finding the 





Reliability in safety circuits is of paramount 
importance considering the radiation hazards 
involved and the difficulties of maintenance. 
This paper attempts to set a realistic limit to 
the problem by quantitatively defining safety 
and serviceability and by showing that to some 
extent these requirements are conflicting. 











channel still working or faulty. From this, using the multipli- 
cation law, the probability of a coincidence of faults for a 
certain arrangement will be worked out. This will also re- 
present the probability of a spurious trip or of an unsafe 
condition. Finally, from these probabilities, one must go back 
to the relevant rates and expected occurrences. 






CHANNEL FAULT RATE 
The channel fault rate, which will be expressed throughout 
in faults/year, is not a probability itself and cannot be treated 
as such. It could be obtained experimentally but lack of 
experimental data forces us to estimate it. We shall assume 
three categories of channels with good, medium and poor 
reliability respectively, and we shall arbitrarily assume a 
safe fault rate of 0-1, 1 and 10 faults per year respectively. 
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In the absence of information, the unsafe fault rate will 
be assumed 1/10 of the safe fault rate for the same channel. 

The guard line trip contact should be considered as the 
output of the channel so far as the fault rate is concerned. 


RANDOMNESS OF FAULT OCCURRENCES 

The assumption is then made that the occurrences of faults 
is completely random. It can be argued that this is not 
completely justified as the causes of the faults can be found 
and eliminated. A process in which it is possible to go back 
to the causes of the events should not be a random one 
because statistics are, in a sense, a measure of our ignorance. 

The answer is that the causes of faults are so many, 
especially in the more complicated equipment, that the suspi- 
cion of a systematic occurrence of faults is probably not 
justified. Moreover, a systematic fault would be soon dis- 
covered and its cause eliminated. 

Only experience can confirm the random occurrence 
assumption and improvement in some parts of the equipment 
could cause the occurrence of faults to become a systematic 
process in the future. 


DURATION OF FAULTS 


An important parameter of the problem is the duration of 
a fault. As will be seen, the probability of a coincidence of 
faults depends on their duration. 

To simplify the problem, reference will be made to the 
average duration of a fault ; a more prudent assumption is 
the one referring to the longest fault. Unfortunately, statistical 
data are not available on the subject and the assumed figures 
are only a guess. 

The time taken to repair a fault is considered as the dura- 
tion of a safe fault. It will be indicated by the symbol ft, and 
will be assumed equal to 10~* years, which is approximately 
one hour. 

In case the channel is shorted out during repair, ¢, will 
be reduced to the time taken to put in the shorting plug, 
after receiving a ‘ guard line tripped’ alarm. 

It can be shown that the average period during which an 


1 
unsafe fault goes undetected is simply of" if f, is the frequency 


“zt 


of the routine test. 


; 1 
The time ¢ an unsafe fault lasts can vary between 0 and-.. 
t 


A fault occurring at time f¢ lasts -t ; if the occurring of 


t 
unsafe faults is completely random, for every fault lasting 


l ] 
——t there is another, occurring at the time r and lasting 
t t 


t, which gives on the average - 
-Jt 
Therefore, average duration of an unsafe fault, ¢,, can be 
decreased by increasing the frequency of the routine test. 
A routine test frequency of 1 test/week=52 tests/year 
gives a value for f, = 10-? year, while | test/day gives (approxi- 
mately) f, =10-* year. 


PROBABILITY OF A FAULT 
The first step is to work out an expression for the probabi- 
lity of the occurrence of a fault. The channel lifetime can be 
divided in two parts : time during which it is working, fy, 
and time during which it is faulty, tr. The probability of a 
fault can then be expressed as : 
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If 
tw tte 

Over one year, fs is equal to f multiplied by tg, the ave age 
duration of a fault. If tg is expressed as a fraction of a y-ar, 
the probability will simply be : 

p= ta xf (2) 

For example, if the yearly safe fault rate is 10 and the 
average time taken to repair a fault is one hour, the probab lity 
of a safe fault is 10-°. 

In other words, the ‘favourable’ event is that special 
period of time, during which a fault occurs and lasts be/ore 
being repaired. The number of possible events (excluding 
the possibility of two or more faults occurring simultaneously 
in the same channel as only the first one would be significant) 
is obtained by dividing the time considered by the average 
duration of one fault. 





l . 
Referring to one year, this is and the number of expecied 
d 


occurrences is f, as would be expected. 
1 fxta 
a 

It will be noted that equations (1) and (2) give a value 
independent of the period of time considered, as implied 
by the concept of probability. 

Should the channel fault rate be extremely high, the pro- 
bability of a fault can theoretically reach the value 1. That 
means the channel would be out of service all the time and 
would be of no practical use. 


(3) 


THE ONE SAFETY LINE CASE 
Every relay contact in one safety line (Figs. 1 and 2) can be 
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A '2 out of 3’ safety circuit arrangement; three guard lines 

have their outputs connected in a coincidence circuit 
(Fig. 1) 
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Example of a single line safety circuit (Fig. 2) 


considered as the output of a particular channel and has, as 
such, a certain safe and unsafe fault rate. The end line monitor- 
ing relays also have their fault rates. The fault rate of the 
line will depend on both of them. 


Serviceability aspect 
Every safe fault in the channels or in the monitoring 
relays will result in a safe fault for the line. Therefore, the 
line safe fault rate is the sum of the fault rates of the channels 
and of the monitoring relays. 
In the instance of a line containing : 
n, good channels with safe fault rate /, 
n, medium channels with safe fault rate /, 
n, poor channels with safe fault rate f; 
2 monitoring relays with safe fault rate f, 
the line safe fault rate will be : 


fi=fin + fone + fans + 2ft (4) 
The safe fault probability for the line will be : 

PixSits (5) 
The safe fault rate of the system is : 

f=fi (6) 


This also represents the spurious trip rate of the system, 
as every safe fault in the guard line causes a trip. 

The expected occurrences of spurious trips in 20 years, 
ie. serviceability, can be obtained simply by multiplying 
equation (4) by 20. Alternatively, equation (5) can be used, 


l 
by multiplying it by ; and by 20. 
It will be noticed that equation (4) represents the safe fault 
rate of the contacts IAI and 2AI of Fig. 2, which are the 
output contacts of the guard line. 


Safety aspect 


Duplication of the end line monitoring relays is common 
practice, as an unsafe fault in such a relay would affect every 
channel in the line and prevent it from tripping. 

If only one monitoring relay were fitted, the fault rate of 
the line would be : 

= (8, +8r)my +(82+8r)Me+(83+8rMs 
GN + Bole +8 alg + (my +M2 + Ns)8r 
81M + ols + Pals +r (7) 
the letter g referring to unsafe faults. 

The negative influence of the last term is overcome by 

duplication, in which case the calculation is as follows : 
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The probability of an unsafe fault in one monitoring relay 
BS: 
Qr=8rlu (8) 
The probability of a coincidence of two such unsafe 
faults is : 
99r=Gr=8 "tu" (9) 
The expected occurrences of this coincidence in one year 
are : 


, 1 R 
&r Pr =8r'tw (10) 
u 
The unsafe fault rate for the line will therefore be : 
S1= 81M, + Soke +B als +r’ 


= 21M, + Pallets +nertu a?) 
The probability of an unsafe fault for the line is : 
1=8itu (11) 


As every unsafe fault in the guard line causes an unsafe 
condition for the reactor, the unsafe (— dangerous) condition 
rate of the system is : 


a2 (12) 

The expected occurrences of unsafe conditions in 20 years, 
i.e. the degree of safety of the system, will be obtained either 
by multiplying equation (12) by 20 or by multiplying equation 


I 
(11) by : and then by 20. 


u 

Again, equations (7) or (7’) represent the unsafe fault rate 
of the contacts IAI and 2AI of Fig. 2. 

It should be emphasized that equations (7) and (7’) assume 
that no ‘ backing up’ exists between one channel and the 
others, i.e. if a situation arises in the reactor requiring a 
particular channel to take action and the channel has an 
unsafe fault, it is assumed that no other channels will be 
capable tc back it up before serious damage is caused. 


APPENDIX 


Probability and expected occurrence 


Probability—Probability can be defined as the ratio of the number 
of ‘favourable’ events to the number of possible events. More 
precisely, it is the limit of the ratio of the favourable events to 
the total events when the number of trials tends to infinity. 
Multiplication law—The probability of two events occurring 
together is the product of their individual probabilities. 

Addition law—The probability of one or the other of two 
different mutually excluding events occurring is the sum of the 
individual probabilities. Both the multiplication and addition laws 
can be extended to include any number of events. 

Expected occurrences—The ‘expected occurrences’ of -a certain 
event are obtained by multiplying the probability by the number 
of trials. 


Some definitions 
Guard line or safety line—A chain of relay contacts operated by 
the various detecting devices with the continuity of the line being 
monitored by relays at one or both ends of the circuit. 
Channel—All equipment through which the information on the 
behaviour of a certain function is obtained and conveyed to the 
guard-line trip contact. The detector and the contact are respec- 
tively the inlet and the outlet of the channel. 

Redundancy principle—To increase the safety, more than one 
channel is fitted for the same function and it is expected that at 
least one will work properly. The reactor could then be tripped 
by a signal from any one of a number of channels but such an 
arrangement would be more sensitive to spurious trips. 
Coincidence principle—If r out of m channels are required to 
operate before the reactor trips, then (m—r+1) of them must 
have an unsafe fault simultaneously before an unsafe condition 
can arise. Serviceability and safety now no longer depend only 
on the equipment characteristics but they also become a feature 
of the safety system itself and can be increased as required; the 
only limitation is the cost and complexity of the system. 
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couples in a_ high 


'- OF THE PROBLEMS to be faced in 
the design of the high temperature 
gas cooled reactor is that pyrometry 
tends to become difficult with the rise in 
temperature where graphite is involved. 
At around 1500°C metallic thermo- 
couples react with graphite, and above 
1850°C the insulation resistance of 
refractory materials falls to an un- 
acceptable level. With insulation by air 
spacing, ceramic thermocouples are a 
promising alternative for a compact 
device. 

Looking at this problem, Morganite 
Research and Development Ltd have 
been working on graphite, silicon car- 
bide and tungsten, and have produced 
tubes and rods made into thermocouples 
of concentric design, with sizes varying 
from 4} in o.d. = 6 in long to lin o.d. 

3 ft long. Tests of over 100 h at 1750°C 
carried out in a carbon tube furnace 
indicate a promising potential in the 
1500°-2500°C range, dependant on the 
atmosphere and the length of service 
required (Tables 1 & 2). 

Graphite The materials used were the 
standard Morgan extruded electro- 
graphite grades—EY4, EY8348 and 
EY9—heat-treated to about 2500°C. 
Spectrographic analysis of the heated 
ends revealed the effect of impurities on 
the thermoelectric power (Fig. 1), the 
greatest being caused by boron. Other 
impurities in amounts greater than 100 
ppm also affected the output. In spite 
of the variations experienced, thermo- 
couples have been produced on a 
laboratory scale suitable for high 
temperature graphite reactors and car- 


TABLE | 


TEMP., OUTPUT, 
TYPE SIZE Cc mV 
SiC /C 10mmo.d.*18in 1750 350 
SiC/C ~ 1750-2000 


(C black packed) 
SiC/SiC 1 in o.d. x 3 ft 


*Without failure. 
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The difficulty of insulating metallic thermo- 
temperature graphite 
reactor may lead to the use of ceramic devices 


Thermocouples for high 
temperatures 


High temperature tests on ceramic thermocouples. 


1500-1750 80-100 
C/C lin o.d. x 2 ft 1750 72 
C/W lin o.d. x 2 ft 1750 12 


bon tube furnaces. Large scale pro- 
duction is not yet practicable, however. 
Running tests (Table 1) of 100 hor more 
were completed without failure. Long 
term stability with an average output 
around 20uV/°C at over 1850°C is under 
investigation. 


With tungsten used as the inner 
member (Fig. 2a) the overall diameter 
of the thermocouple can be reduced. 
Giving an output around 15yV/°C, 
used in air it has a short term applica- 





The = graphite/tungsten 
gives an output of around I5uV/°C from 
1000°C-1750°C with a reversal of e.m.f. 
at lower temperatures. It is useful when 
slim couples I-3 ft long are required for 
short term use at 1300°-1700°C (Fig. 2a) 


thermocouple 
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The all-silicon carbide thermocouple has 

an average output of 50uV/°C. Concentric 

types have been made up to 30 in long x 
22 mm o.d. (Fig. 2b) 


tion at 1300°-1750°C; particularly for 
dip immersion in molten metal (exclud- 
ing steel). 

Silicon carbide The standard couple 
developed (Fig. 2b) consists of a tube 
10 mm o.d. 12 in long using a 3 mm 
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Output curves for electrographites (with 
platinum as the reference) Fig. | 


dia. electrographite rod as the centre 
element. It gives an output of 150- 
200uV/°C. To reduce the oxidation 
when used in air, the graphite was 
insulated by means of a sprayed alumina 
coating and the annular space was 
packed with carbon black. Although 
the life of the couple was prolonged 
failure eventually occurred through the 
thinning of the graphite rod. Because of 
the inability of the alumina insulant to 
stand up to high temperatures, above 
1800°C a gas insulation is used. 

A range of all-silicon-carbide thermo- 
couples has been developed using grades 
of material giving different outputs. 
These have been produced in sizes up to 
3 ft long 22 mm o.d. The average 
output given is 50zV/°C but an experi- 
mental couple consisting of twocemented 
strips, one of the strips having been 
doped gave an output of over 200nV/°C. 
The high temperature test on _ the 
SiC/SiC couple showed some perishing 
of the hot end in air but insufficient to 
cause serious affect (Table 1). 


Reference 

‘High temperature thermocouples using non- 
metallic members’ by Mr _ E._ Franks 
(Morganite Research & Development Ltd) 
Paper presented to the Temperature Sym- 
posium, Ohio, in March 1961. 





TABLE 2_ Expected life of thermocouples at temperature (C) 
THERMO- ian a ie a 
LIFE, COUPLE OXIDIZING CARBONACEOUS HIGH 
ATMOSPHERE ATMOSPHERE ATMOSPHERE VACUUM 
wee ° 2 3 4 1 2 3 2 4 


115 Ctube +N, 
25* Oxidizing 


SiC/SiC 1550 1750 1850 2100 1700 1750 1900 2100 1200 1800 


SiC/C 400 600 1850 2100 1700 1750 1900 2100 1200 1800 
C/C Unsuitable 2500 1850 2000 2500 2600 1750 2500 
C/W Unsuitable 1750 U 1550 1700 1750 1450 1600 


50* Oxidizing 
100* C tube +N, 
200* C tube + N, ———$_<__ —___—_ 


(alumina insulators) 


*1 Continuous service—over 1000 h 2 Long service—around 100 h 


3 Short service—around 10 h 4 V.Short service—some minutes 


(& dip immersion). 
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This pioneer plant at Dounreay handles 


activity amounting to thousands of curies 


Experience in reprocessing enriched 


reactor fuel elements 


by G. W. LLEWELYN and R. H. ALLARDICE, Chemical 


Processing Group, UKAEA, Dounreay 


HE MTR CHEMICAL PLANT serves Materials Testing 

Reactors at Dounreay, Harwell, Australia, Denmark 
and West Germany and the Merlin type research reactors 
which use the same basic fuel element. 

MTR fuel assemblies consist of thin aluminium clad 
enriched uranium aluminium alloy sheets brazed to 
aluminium side spacers to form a box containing ten 
uranium-bearing plates and two aluminium cover plates 
(see Fig. 1). 

A high proportion of the uranium-235 has been fissioned 
at the time of discharge from the reactor and each element 
has a fission product activity of hundreds of thousands 
of curies. The elements are cooled for 120 days before 
processing to permit the decay of short-lived fission 
products, particularly iodine and uranium-237. 

The flow diagram for the plant is shown in Fig. 2. The 
uranium-bearing plates are separated and dissolution is 
carried out in nitric acid containing mercuric nitrate as a 
catalyst to anion deficient conditions to give a basic alumin- 
ium nitrate complex of the form Al (OH)x (NOs)s-s. 
This solution is highly viscous and very dense and has an 
enriched uranium content of a few gms per litre and a 
fission product content of hundreds of curies per litre. 

The solution is fed to stirred mixer settlers counter- 
current to a solution of 5% tri-butyl phosphate in odourless 
kerosene and solvent extraction of the uranium and a small 
percentage of the fission products takes place. The loaded 
solvent is then stripped with a solution of aluminium 
nitrate in nitric acid to remove loosely complexed fission 
products and is backwashed with dilute nitric acid. The 
flow through the mixer-settlers is shown diagrammatically 
in Fig. 3. 





MTR fuel element assembly consisting of thin aluminium 
clad enriched uranium-aluminium alloy sheets brazed to 
aluminium side spacers to form a box containing ten 
uranium bearing plates and two aluminium cover plates 
(Fig. 1) 
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The first cycle of solvent extraction is designed to achieve 
a decontamination factor of fission products with respect to 
uranium of 1 x 10%. The first cycle raffinate solution 
containing the bulk of the fission product activity is dis- 
charged to underground tanks for permanent storage and 





THE DOUNREAY CHEMICAL PLANT 


Two plants have been built at Dounreay to process irradiated 
enriched fuels from the Fast Reactor and from a number of 
Materials Testing Reactors in this country and abroad. The 
functions of the chemical plants are to recover the unused 
fissile material and to decontaminate it from fission products, 
inert fuel diluent and chemical impurities. These functions 
are performed in aconventional solvent extraction process 
which is carried out in stirred mixer-settlers placed behind 
biological shielding. 











the backwashed solvent passes to Holleymott contactors 
for washing with caustic soda and dilute nitric acid to 
remove degradation products and fission product activity 
before recycling. 

The product from the first cycle process is conditioned 
continuously with strong nitric acid and ferrous sulphamate 
is added to reduce the parasitically formed plutonium-239 
to the inextractable tri-valent condition. A second extrac- 
tion, stripping and backwashing process is carried out in 
mixer-settlers, again using 5% TBP/OK but under acid 
conditions, to further purify and concentrate the enriched 
uranium. ‘The pure uranyl nitrate solution which contains 
a negligible quantity of fission product activity per kilogram 
of uranium and less than 200 ppm of impurities such as 
iron, chromium, nickel and aluminium, is pumped to the 
Billet Production Plant for conversion to metal under 
alpha-active conditions. 

The raffinate from the second cycle is monitored and 
can be diverted to the evaporation and storage plant or to 
low active drain for disposal to sea, depending upon 
whether the level of fission product activity is above pre- 
scribed limits or not. The backwashed solvent is washed 
in the same way as the first cycle solvent for re-use. 


PHILOSOPHY BEHIND PLANT LAY-OUT 
There are two main divisions in the building, the highly 
shielded cells where the entire purification process is 
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carried out, and the working area. Figure 4 shows a 
horizontal section of the plant through the shielded cells 
and working area. 

The shielded section is subdivided into two identical 
highly active cells and one medium active cell. After com- 
pletion of the inactive commissioning programme, the 
entrance to the highly active cell to be used for active 
processing was bricked over and no further access will be 
possible without extensive decontamination. Entrance to 
the medium active cell is normally not allowed but a limited 
time may be spent within the cell provided the time 
permitted is previously deduced from the measured radia- 
tion level. After a short decontamination period, main- 
tenance work and modifications are possible in the medium 
active cell. The second highly active cell has been used to 
process unirradiated uranium-aluminium alloy material 
but no irradiated elements have been processed to date so 
that modifications indicated by the operating experience in 
the other highly active cell may be fairly readily carried 
out. 

The working area surrounds the active cells as an 
annular space within the general framework of the build- 
ing, and, in order to facilitate plant operation and super- 
vision, is subdivided into a green and an amber area. 
Within the amber area the operations which involve some 
risk of radioactive contamination are carried out, for 
example, breakdown of the fuel elements under water 
prior to charging to the dissolver, sampling of process 
streams, and metering of medium active feeds to the mixer- 
settlers. The operations within the active cells are con- 
trolled from the green area where the instrument panels, 
remote vaive controls and ejector controls are situated. 
Inactive feeds to the dissolvers, conditioners and mixer- 
settlers are prepared in and metered into the plant from 
the green area. 

All personnel entering or leaving the amber area must 
do so through a small change-room where a strict code of 
house rules is maintained to cover complete change of 
protective coveralls and overshoes and, on leaving, personal 
monitoring to ensure that no contamination is taken into 
the green area. Equipment leaving the amber area is 
similarly fully monitored in the change-room before being 
allowed over the barrier, the only exception being the lead- 
lined highly active sample castles which are monitored for 
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contamination within the amber area before being tr .s- 
ferred to the green area via a special hoist. 


PLANT OPERATION 
A complete reactor charge of 25 elements is receivec in 
the plant within a heavily shielded transit flask, eich 
element being contained in a separate channel within the 
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Diagram of the flow through the mixer-settlers (Fig. 3) 


flask. The end assemblies have already been removed from 
these elements by guillotine by the reactor division con- 
cerned, so that only the active constituent, the fuel assembly 
itself, is delivered to the plant for processing. 


Element breakdown 

The transit flask is manoeuvred into position within the 
shielded discharge bay by means of a 25-ton Clyde crane 
which can traverse the whole length of the amber area 
side of the plant, and in the discharge position the fuel 
element channels are horizontal. The flask lid may then 
be lifted hydraulically and a batch of fuel elements pushed 
out of their respective channels to fall via a chute into the 
pond where all the equipment for the breakdown of the 
elements in preparation for dissolution is installed. The 
level of the water in the pond is kept at 10 ft 6in and all 
handling of the elements is done from above the pond 
level using long manipulators (Fig. 5). 

Separation of the individual plates is achieved by re- 
moval of the brazed sides from the fuel assembly. The 
latter is clamped to a movable table which is driven 
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hydraulically between two circular milling cutters activated 
by two underwater motors. Some considerable difficulty 
has been occasionally encountered at this milling stage 
due to badly squashed fuel assembly extremities caused 
at the preliminary removal of the end sections by guillo- 
tine. This results in part of the sides of the element being 
unmilled and plate separation then has to be completed 
as far as possible by a remote chiselling operation. After 
complete separation, all the plates have to be methodically 
identified and the top and bottom plain aluminium cover 
plates discarded. In addition to separating the individual 
plates, this milling operation removes an appreciable 
amount of aluminium which would otherwise be an em- 
barrassment at the dissolving stage and also removes silica, 
present in the braze, which might cause trouble during 
extraction. After having been sheared to remove some 
more excess aluminium, the plates are coiled into a shape 
suitable for charging into the dissolver. Plates which milled 
satisfactorily are coiled easily but plates weakened during 
separation after incomplete milling often break and care 
has to be taken that all the broken pieces are located 
to avoid a radiation hazard when the pond is emptied. 
When the dissolver is ready for charging, the coiled plate 
is transferred to the top of the chute which leads to the 
dissolver by means of an elevator fitted with one bucket 
which can hold only one coiled plate. The mechanism of 
the elevator is coupled to a counter so that when a com- 
plete charge has been added to the dissolver the elevator 
is locked and a dissolver plug automatically drops into 
position to prevent overcharging. During inactive com- 
missioning, it was found that occasionally plates jammed 
in the dissolver chute due to faulty plug operation or badly 
coiled plates and a gamma alarm monitor is installed at 
the top of the chute to give indication whenever an active 
plate is still in the chute. 

Underwater adjustable lighting is installed in the pond 
but due to fine particles of disturbed rust and alumina in 
suspension, the visibility within the pond often deteriorates 
rapidly as the breakdown operations proceed. A _ con- 
tinuous water overflow from the pond reduces the rate of 
this deterioration. Good visibility is almost essential in 
order to ensure that the fuel assembly is properly oriented 
on the milling machine table and in the subsequent separa- 
tion and identification of the plates. 

The swarf and scrap alumina which are formed during 
the milling and shearing operations are collected in a cast 
iron disposal flask mounted on a trolley adjacent to the 
milling machine table. When full, this is lifted out of the 
pond and the contents dispatched to permanent highly 
active storage. High radiation from this flask is occasion- 
ally encountered, resulting from slight cuts into the 
uranium-aluminium alloy core plate itself during milling 
and shearing. It has been found that the radiation eman- 
ating from the flask is appreciably reduced by omitting 
shearing, an operation which is not absolutely essential. 

There is no radiation hazard at the working positions 
above the pond but on completion of a processing run the 
water is discharged to low active drain and the whole pond 
area Cleared of remaining active swarf. This is done using 
the remote handling tools initially but the final cleaning 
operations are done by operators within the pond itself and 
strict control on personal radiation doses received and on 
preventing spread of contamination is necessary whilst this 
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is done. All the equipment is then checked and any main- 
tenance work found necessary carried out in preparation 
for the next run. 


Sampling 

The highly active sampling system is schematically 
represented in Fig. 7. Although the volume of sample 
taken is only a few millilitres it is essential that all the 
operations are carried out behind shielding in view of the 
very high specific activity. By application of a vacuum 
bottle to start a circulating siphon in the circuit there is no 
possibility of active liquor being lifted out of the shielded ° 
cell. When the siphon breaks a small volume of liquor is 
left in the sample pocket and this is then sucked out into a 
sample bottle which has been previously evacuated and 
which is subsequently handled in a lead-lined container 
during the transfer to the analytical laboratories. 

The main process vessels sampled in this manner are the 
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Horizontal section of the plant through the shielded cells 
and working area (Fig. 4) 


first cycle conditioner and first cycle raffinate tanks. The 
conditioner liquor comprises the first cycle active feed so 
that accurate analysis is essential at this point both for 
uranium accounting and for criticality control on the batch 
dissolution process. To ensure that the sample obtained 
is representative of the liquor being sampled it has been 
found necessary to adopt a sampling technique which 
thoroughly flushes the whole system of all liquor remain- 
ing in the system from the previous sampling operation. 

In view of the highly viscous nature of the liquor being 
sampled this flushing operation has to be repeated several 
times and the overall time cycle of a highly active sampling 
operation is well over one hour. 

Care has to be taken in the manipulation of the bottle 
within the sampling head (see Fig. 8) and in the dropping 
of the bottle into the shielded container within the head. 
It is possible for a bottle to be badly damaged during these 
operations by poor manipulation and serious contamina- 
tion could result. Therefore, immediately the container is 
removed from the sampling head it is thoroughly monitored 
for contamination. 

Sampling of the process vessels within the medium active 
cell is much easier and is done with no shielding. Liquor 
from the vessels, after thorough sparging, is sucked into a 
small glass vessel and a sample taken by the usual evacua- 
ted bottle technique, the remainder being allowed to run 
back into the vessel. Again, precautions are necessary to 
ensure that the sample obtained is representative but on 
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this relatively simple system this offers little difficulty. 
Regular eight-hourly samples are taken from all the 
medium active sample points for plant control, uranium 
balance, and overall plant accounting. 


Some mechanical features 
With liquors of such high radioactivity content, pumps 
could not, of course, be used for transfer from one vessel 
to another in view of maintenance difficulties and this is 
therefore done by ejectors. Most of the highly active 
liquor transfers are effected by air ejectors through a 
vacuum lift vessel coupled to a safety vessel to ensure 
that no active liquor can be drawn outside the biological 
shield. The air ejectors are situated within a shielded bulge 
above the active cells and over two years of operation the 
radiation from the ejectors has become appreciable due to 
mist drawn up from the active liquor. Steam and water 
ejectors are used for medium active liquor transfers. 

The extractor mixer contents are stirred mechanically 
by long-shafted paddle stirrers housed within the shield 
block immediately above the mixer-settlers and driven by 
a set of three } h.p. electric motors for each cycle. A 
tachometer fitted to the end of the driving shaft indicates 
the speed of rotation of the stirrers and this stirring speed, 
found to be important in the operation of the mixer- 
settlers, is adjusted by rheostat over the required range. 

With the exception of the first cycle active feed, all the 
feeds to the mixer-settlers are metered using a constant 
volume feeder of the type illustrated in Fig. 9. The length 
of stroke is adjusted by means of a locking unit on the 
piston shaft and, in general, consistent feedrates have been 
maintained over long periods using this equipment although 
frequent checks on the volumes of liquor fed from the 
respective tanks are made as confirmation. The first cycle 
active feeder is situated within the highly active cell and is 
a rotor-type to obviate the possibility of mechanical 
breakdown. 

The height of the building is such that barometric lutes 
cannot be used to seal the outlets from the two vacuum 
lift vessels in the highly active cell and angle valves 
actuated by a compressed air cylinder are used where the 
conventional gland is replaced by a bellows assembly. 
These valves have operated well and maintenance work has 





Operators using long manipulators to handle elements in 
the pond (Fig. 5) 



































































Genera! view of a medium active cell (Fig. 6) 


been necessary on only one occasion during active 
operation. 


DISSOLVER AND EXTRACTOR PERFORMANCE 
Dissolver 


The coiled uranium bearing plates are dissolved in a 
stainless steel pot dissolver fitted with a triple surface reflux 
condenser (see Fig. 10). 

After some initial amendments to the conditions recom- 
mended from the laboratory and pilot plant work to cater 
for the characteristics of the installed equipment, several 
hundred active batches have been dissolved successfully to 
date. On very few occasions has the acid deficiency of the 
dissolver product been out with specification. 

Use of an inactive dissolver to prepare acid deficient 
aluminium nitrate solutions for run-up and run-down of 
the solvent extraction plant led to the discovery that dis- 
solution of aluminium caused severe corrosion of stainless 
steel when the two metals were in contact due to the pro- 
duction of hydrogen which destroyed the protective oxide 
film. Because of this, the spare Highly Active cell is being 
fitted with a dissolver fabricated from titanium and opera- 
tions will be transferred to this cell when installation is 
complete. 


Mixer-settler 

First cycle. The flowsheet for the first cycle solvent 
extraction process is based upon the anion deficient dis- 
solver solution mentioned earlier and utilizes aluminium 
nitrate as a salting out agent. Consequently, the uranium 
partition coefficient between acid deficient aluminium 
nitrate solution and 5% TBP/OK is very high and only 
3.5 theoretical extraction stages are required for 99.99% 
uranium extraction. In fact, 6 stages are available in the 
plant and in consequence some margin of safety is avail- 
able and extraction efficiency has been excellent. The 
chemistry of the solvent extraction process has been 
discussed in detail elsewhere (/) and will not be further 
discussed here. 

During inactive commissioning of the plant liquor levels 
in excess of the normal operating level of 4 in were experi- 
enced at certain flow rates. Later, after active operation was 
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commenced, high liquid levels were found intermittently 
at normal flowsheet flowrates. The effects of these high 
levels were two-fold: 

(1) If allowed to persist, the levels spread throughout 
the extractor box until solvent and uranium were lost to 
the aqueous raffinate tanks via the vent pipe on the adjust- 
able weir. 

(2) If flows were stopped until the level subsided, on 
re-starting the feeds fission product activity retention 
rose in the solvent phase and consequently in the aqueous 
backwash phase. 

Attempts to operate without venting the aqueous weir 
were unsuccessful and increases in the recommended stirrer 
speeds were found to be beneficial. However, as the burn- 
up of fissile material in the elements processed has 
increased and the equipment has become more contamin- 
ated, the incidence of high levels has increased. A therm- 
istor probe was developed and later made adjustable which 
gave warning of a rise in liquor levels and three of these 
units were fitted into the extractor box in the second, 
fourth and last settling stages (see Fig. 3). Operational 
techniques were evolved and are being developed to reduce 
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the frequency of high levels and to minimize the effects. 
Loss of fissile materials by the mechanism described in 
(1) above is avoided at the expense of increased activity 
retention as mentioned in (2). The cause of the high levels 
is not definitely known though it is suspected that the 
relatively slow flow of a highly viscous solution containing 
a large percentage of hydrated fission products through 
a ; in bore pipe baffled at one end causes sedimentation 
and restriction to the aqueous flow. This causes aqueous 
build-up in the strip box and, in consequence, solvent build- 
up and a high total level occur in the extractor. 

An overall decontamination factor for y-activity of 
2 107 is demanded so that if any reduction in first cycle 
decontamination occurs then a greater requirement is put 
on the performance of the second cycle. Since the second 
cycle sample points are of low active design without bio- 
logical shielding any breakthrough of fission products to 
the second cycle also creates a radiation hazard to the 
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Operator manipulating a bottle within the sampling head; 
care must be taken as serious contamination could result 
from the bottle being badly damaged (Fig. 8) 


operators during sampling and other handling operations. 

Solvent washing. The original solvent system installed 
in the plant was designed to meter solvent into the first 
and second cycle extractors from a common stock tank. 
After backwashing, the two streams recombined and passed 
through a common wash system to the stock tank. As 
the specific activity of the first cycle active feed increased, 
retention of fission products (mainly zirconium and 
ruthenium) in the first cycle solvent also rose until it was 
found necessary to separate the first and second cycle feed 
and wash systems completely to maintain the purity of the 
aqueous product solution. The reason for this modification 
is that a small fraction of the zirconium retained in the 
solvent partitions into the aqueous phase in the second 
cycle backwash mixer settler and raises the fission product 
content of the product above the specification limit. 

As an additional safeguard a column containing finely 
divided silica gel is kept in readiness so that the product 
stream can be diverted through it. A further decontamina- 
tion factor of 7-10 can be obtained for zirconium by use 
of the column. 

Under normal operating conditions with active feed of 
high specific activity the solvent leaving the first cycle 
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contains roughly 80% zirconium-niobium and 20% ruthen- 
ium. The decontamination factors achieved by inter-cycle 
alkaline and acid washing are of the order of 7-10 for 
zirconium and 3-4 for ruthenium. These factors are not 
large enough to prevent an increase in activity retention in 
the solvent during a run and between campaigns the first 
cycle solvent is also subjected to a prolonged recycling 
through the wash system which achieves a further decon- 
tamination of 40-60 for zirconium and 4-8 for ruthenium 
over four complete passes. 

Investigations are in progress both in the laboratory and 
the plant into alternative wash solutions and it has been 
proved that small concentrations of additives in the dilute 
acid wash results in the removal of almost all the zirconium 
from the solvent. Only a small proportion of the ruthen- 
ium is removed by this method and the most successful 
techniques for ruthenium decontamination appear to 
involve precipitating solids such as manganese dioxide 
upon which the ruthenium is absorbed. These techniques 
are not immediately applicable to the plant and research is 
continuing into alternatives for ruthenium removal. 

Second cycle. The second cycle process is based upon 
an acid flowsheet and the safety margins both for extrac 
tion efficiency and decontamination of the uranium are not 
sO great as those in the first cycle. 9.5 theoretical stages 
are required for 99.99% extraction efficiency and 10 are 
actually provided. No real difficulty has been experienced 
in maintaining extraction efficiency and uranium recovery 
has been excellent during the life of the plant. 

The relatively low specific activity of the second cycle 
active feed ensures that no difficulties are experienced with 
retention of activity in the second cycle solvent. 


CRITICALITY AND RADIATION SAFETY 


With the exception of the extractor section, none of the 
vessels in the plant is geometrically limited in terms of 
criticality and therefore criticality control is achieved by 
mass limitation. The possibility of double batching is not 
eatered for in the first cycle (dissolver excepted) due to the 
concentration of the uranium solution being well below the 


Stainless steel pot 
dissolver fitted with 
a triple surface 
reflux condenser; 
the dissolver chute 
and plug are shown 
(Fig. 10) 
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Some of the equipmenc within a highly active cell, includ 
ing mixer-settlers. White line indicates an adjustable 
aqueous weir. (Fig. 11) 


‘infinite sea’ concentration. In the later stages where the 
concentration is higher, a mass limit on the medium active 
cell is imposed and strict control exercised on the distribu- 
tion of fissile material within the cell. Frequent uranium 
balances across the plant are made so that it is not possible 
for uranium to be diverted from the main process stream 
in any unforeseen manner without being discovered. 

Conditions in the dissolver are such that this has to be 
considered separately. It is possible during an intermediate 
stage of partial dissolution for the concentration of uranium 
to exceed the minimum critical concentration so that a 
higher safety factor is introduced to cater for the possibility 
of double batching. In addition, an elaborate channel key 
system is imposed to limit the number of fuel elements 
that may be discharged from the transit flask at any one 
time and the interlocking mechanism on the plate charging 
elevator to the dissolver is a further safeguard. The 
possible hold-up of uranium in the dissolver is estimated 
after each dissolution using the reactor division burn-up 
figures for the amount of uranium left in each element. 

In spite of the design and operational precautions taken, 
extensive instrumentation to detect a criticality incident 
immediately has been installed and regular mock alarms 
and evacuation practices are held to ensure that all person- 
nel react appropriately. 

On the general radiation safety aspects, regular con- 
tamination and radiation surveys and air sampling are 
carried out throughout the working areas and the results 
are reported to the plant supervisor so that the necessary 
action may be taken with the minimum delay. 


SUMMARY 

The chemical plant for the reprocessing of the enriched 
uranium-aluminium alloy fuel elements from the various 
Materials Testing Reactors has been operated for three 
years. Good uranium recovery and satisfactory decontami- 
nation from fission product activity have been achieved 
despite difficulties encountered in mixer-settler operation 
during the reprocessing of fuel elements of very high burn- 
up. 
Reference 


1 United Nations Peaceful Uses of Atomic Energy. Proceedings 
of the Second International Conference, Geneva, September, 
1958. Volume 17, p.25. 
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Cross Section ., caaccsus 





PART OF the reason behind the for- 
mation of Nuclear Developments 
Limited by ICT, Rolls-Royce and Rio 
Tinto was the 1959 report by the 
Select Committee on Estimates. This 
advocated that more work should be 
turned over by the AEA to private 
concerns, particularly in the fuel ele- 
ment field. At about the same time 
as Nuclear Developments Ltd was 
formed, a similar move was taking 
place in the USA. The United Nuclear 
Corporation was founded by Olin 
Mathieson Chemical Corporation, 
Mallinckrodt Chemical Works (Mal- 
linckrodt have links with Rio Tinto 
through Nukem in Germany) and 
Nuclear Development Corporation of 
America. This major integrated com- 
pany will place a notable emphasis on 
reprocessing spent fuel. Another con- 
sideration, and here there is an echo 
in the formation of the UK firm, was 
the US Government expressed desire 
to induce private industry to enter 
areas which have been mainly the 
province of the Government. 


ONE CAN sympathize with the General 
Electric Company and its need to 
make changes in the company’s 
administrative structure. Its troubles 
have been experienced, though to a 
lesser degree, by other heavy electrical 
manufacturers; the company’s finances 
have been under strain for some time 
and the group is reported to be using 
about £16 million of overdrafts. 
Changes in the administration have 
taken place and having formed a new 
management committee, the company 
plans to strengthen the management 
still further. These factors and the 
falling through of the English Electric 
merger made it almost certain that 
some streamlining would take place. 
What is surprising is the way in which 
cuts have fallen on some sections of 
the staff—the public relations and pub- 
licity departments have been drastic- 
ally pruned. The manner in which 
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the blow was delivered, with virtually 
no softening, was hardly calculated to 
create a good impression. The com- 
pany has built up a favourable public 
image and it is a pity that it should 
have, in one stroke, jeopardized much 
of the good publicity work done in 
the past. 


THERE WERE some reassuring words 


for the British nuclear industry from 
Sir Roger Makins when he attended 
the recent Gauge and Tool Makers’ 
Association luncheon. He said he 
knew there was a feeling of dis- 
appointment in some parts of industry 
about atomic energy work. Certainly 
“the saguine expectations of five years 
ago have been disappointed both at 
home and abroad’, he added. ‘But 
I venture to say that British industry 
will, in due course, reap substantial 
benefits from its early and practical 
experience in this new technology.’ 
On the face of it, the speech was re- 
assuring. I would like to see some- 
thing substantial and concrete follow 
it. True, there is a renewed interest 
in the building of nuclear power 
stations; Pakistan is the latest to show 
an interest; Mitchell Engineering are 
working on a design study contract 
for an Italian firm; both English 
Electric and GEC are working for the 
Indian tender; Brazil is still a possi- 
bility as is Spain and the rumour that 
Italy is in the market for another 
large power station has persisted from 
the end of last year. But one has the 
feeling that the bread and butter jobs 
will not be coming to industry except 
at the expense of the AEA. If more 
development contracts are put out by 
the AEA, the Authority will find them- 
selves overstaffed. But perhaps one 
should go along with Sir Roger’s pre- 
diction that the present mood of un- 
certainty about nuclear power pros- 
pects would, as experience of large 
power reactors accumulated, give way 
to renewed confidence in its future. 


I liked the reply to Sir Roger given 
by Mr G. P. Barrott, the chairman of 
the Association, who referred to the 
manipulator design activities to which 
the tool makers had made a substan- 
tial contribution. There was no doubt 
in his mind, he said, that they were 
the ‘ master slaves ’. 

He further defined ‘High Activity’ 
as that occurring when Association 
members received contracts from the 
Atomic Energy Authority and ‘Frozen 
Rigidity’ as the state which resulted 
when the cost of the job was given — 
often this came above contract 
estimates. 


THE QUIET meetings arranged by the 


Federation of British Industries on 
whether or not to set up a UK Atomic 
Forum and join  Foratom, have 
aroused much attention overseas. The 
Canadians, who recently set up their 
own Forum, are anxious to keep in 
touch while Foratom, at its last meet- 
ing, pointed out that it had been in 
close communication with Great 
Britain. Three UK meetings have been 
held so far. The first exploratory 
meeting was on March 3 followed by 
another on April 11 when it was 
decided to set up a working party. 
This reported back to the FBI on 
May 10. 


On record 


4 We see no place for rugged 
individualism, which is fine for the 
individual but intolerably rugged for 
everyone else with whom he must 
work. We are instead trying to make 
a place where individual ruggedness 
and persistence in conquering tech- 
nology’s commanding heights is appre- 
ciated; we want to make a _ Status 
symbol of intellectual accomplishment.’ 


William Bergen, President, The Martin 
Company of the USA, at the annual 
meeting. 

‘. .. In my view, the first two years 
of undergraduate training of an 
engineer should be devoted to 
engineering science embodying the 
scientific principles which underly his 
technology. Only after this is inculated 
should he begin to specialize ... Even 
then we should take note of the fact 
that technology is tending to become 
more and more interdisciplinary in 
character.’ 


The Trueman Wood Lecture * The 
Training of Scientists and Engineers 
for Industry’, by Sir John Cockroft, 
at The Royal Society of Arts. 

















Government agreements with 41 countries 


have paved the way for US nuclear firms 





The US Nuclear Export Drive 


established links and subsidiaries 
in Europe are not only finding their 
capital and know-how welcome but 
are beginning to realise that a 
splendid opportunity exists for profit- 
able interchange of know-how. Tech- 
niques, processes and inventions dis- 
covered and developed by European 
associates can be transported to the 
USA ; investment in Europe provides 
an excellent method of two-way com- 
munication that will keep a company 
in touch with profitable technical 
developments and potential markets. 
To be added to these reasons is the 
general realisation that world markets 
are growing faster than the vast US 
domestic market and that American 
exports can compete in overseas 
countries. The leeway that US firms 
have yet to make up in the export 
field can be gauged by comparing 
the total of US exports in 1959 which 
amounted to 3°6% of the country’s 
gross national product with the 16°7%, 
of West Germany in the same year. 
Furthermore, because of the growth 
of tariffs, i.e. the Common Market 
and the European Free Trade Asso- 
ciation, US firms are establishing 
themselves on the right side of these 
tariff barriers. This they did in 1960 
to the extent of investing $580 million 
in new plant and equipment in 
Europe. An additional bonus is a 
reverse flow of exports as these firms 
found that with cheaper European 
labour, it was profitable to have cer- 
tain lines made in Europe by their 
subsidiaries and then exported to the 
United States. 


A MERICAN companies who have 


THE NUCLEAR PATTERN 
In the nuclear field, this pattern has 
been followed to a large extent. Since 
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by SIDNEY HOLLANDS, B.Com., News Editor, Nuclear Power. 


1953, US firms have been producing 
‘experimental power demonstrations’ 
and the American nuclear programme 
throughout has been characterised by 
the great number of different types of 
reactors with variations in fuel enrich- 
ment, canning, moderators and 





Travelling vice-presidents of Ameri- 
can firms, tying-up policy with 
subsidiaries and keeping a check 
on links with European companies 
have now become a common sight 
in western Europe. They typify 
the depth of penetration made 
by US firms striving to increase 
their export markets and their 
investments in Europe 











coolants. As the US Atomic Energy 
Commission points out in its 1960 
annual report, ‘As of June 30, 1960, 
there were 66 civilian and military 
reactor projects under active design or 
construction for use in the United 
States (exclusive of naval propulsion, 
aircraft and space reactors)... .” 


As a result, industry in the United 
States has gained experience over a 
wide range of reactor types. America 
has, for some time, been in a strong 
position in export markets not only 
from accumulated know-how but also 
from her possession of large supplies 
of uranium both enriched and natural, 
and also heavy water. 

In addition to this basic framework, 
US firms have been helped by biiateral 
agreements, sometimes called Agree- 
ments for Co-operation, under which 
the US agrees to supply enough 
nuclear materials to fuel various types 
of reactors, in addition to quantities 
of thorium, uranium, heavy water and 
technical and engineering information. 
A total of 41 of these agreements 
(these do not include the ones with 
Euratom and the International Atomic 
Energy Agency) have been negotiated 
by the US with 39 countries, including 
two with Switzerland. Of these agree- 
ments, 14 have been for power re- 
actors and 27 for research or training 
reactors. This has made the US the 





SOME MAJOR US—EUROPEAN COMPANY LINKS 


FRANCE GERMANY ITALY UNITED KINGDOM 





ATOMICS INTERNATIONAL Dynatom Interatom Montecatini English Electric 


BABCOCK & WILCOX Indatom German B&W CRDA 
French B&W 
GENERAL FLECTRIC Alsthom AEG 
GENERAL DYNAMICS Gutehoff. Vickers 
Sterkrade 
WESTINGHOUSE Framatom Siemens Fiat Rolls Royce 
(Dreadnought) 
MALLINCRODT Nukem Italatom 





Atomics International also have links with ASEA of Sweden; General Electric with 
Suisatom, Switzerland and Westinghouse with ACEC of Belgium. AMF Atomics 
and Alliss Chalmers have major links in the UK and France respectively. 
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leader in the export of reactors. Dur- 
ing 1960, for instance, eight United 
States manufactured research, training 
and test reactors went into operation 
in foreign countries, bringing the total 
to 27. An additional 17 research, 
training and test reactors were being 
built abroad by US companies as of 
November 30, 1960, and seven more 
were planned for construction. 

Of power reactors, one was built in 
West Germany (Kahl) and five others 
are planned for construction abroad 
or were under construction in 1960. 


THE VALUE OF RESEARCH REACTORS 


However, despite the large sale of 
research reactors, most American 
manufacturers agree that there is little 
money to be made in their construc- 
tion. Their value, according to one 
British executive, is that they represent 
a major prestige item and open up 
channels for negotiation for advanced 
types of facilities. ‘The Americans 
have long recognised that most of the 
countries in the world will ultimately 
have research and training reactors,’ 
he added. ‘The value of a Made in 
USA imprint is undeniable. These 
reactors also mean that technicians 
become trained in American ideas and 
with US equipment and when larger 
facilities are to be built it is only 
natural that they should show a bias 
towards American equipment and 
standards that they know. There is 
no substitute for experience and 
actual working knowledge of the type 
of facility that will be installed.’ 

Backing up the _ installation of 
nuclear facilities in overseas countries 
are the training programmes run by 
the Atomic Energy Commission and 
private firms. For instance, since 
1955, 416 foreign students from 45 
countries attended nuclear science and 
engineering courses at Argonne 
National Laboratory and over 400 
students from 56 countries have re- 
ceived training in radioisotope tech- 
niques at Oak Ridge since 1947. 

In addition to these direct aids to 
‘have-not’ nations to help them under- 
take an effective nuclear energy pro- 
gramme, US firms have provided 
access to scientific and engineering 
information. They have also aided 
firms in these nations in building so 
that they have actual experience in 
the design, construction and operation 
of nuclear facilities. 

This latter requirement is being met 
to a large degree by licensing arrange- 
ments or jointly-owned subsidiary 
companies. Most of the major US 
firms, for instance, have such links on 
the Continent. Atomics International 
is a leading example with links in 
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France, Germany, Italy, the United 
Kingdom and Sweden. Westinghouse 
are in a sitiilar position though their 
link with the United Kingdom is for a 
pressurized water reactor for the sub- 
marine Dreadnought. 


SEVERE STRUGGLE 

It is against this background that 
British and possibly French firms have 
to compete for the export market 
which at present is confined to Euro- 
pean countries, Japan and the Indian 
sub-continent. (The Soviet Union as 
a supplier is not considered here as 
she does not yet compete for overseas 
contracts). There is no doubt that 
American competition will be fierce— 
already in some instances the battle 
for design contracts has been so 
severe as to justify the charge of un- 
fair. The tremendous effort put into 
the selling of power reactors over the 
last two years, though out of propor- 
tion to the number sold, is likely to 
continue on the same scale with per- 
haps German and Scandinavian com- 
panies entering the field at a later 
date. 

One ace the Americans still hold is 
the research effort they have put, and 
are putting, into the development of 
small reactors. Here again, while 
there is no immediate market for a 
small reactor, their experience will 


provide a highly significant advantage 
for future export markets. This lack 
of development by the UK may well 
be regretted though there are indica- 
tions that preliminary steps are being 
taken to enable Britain to meet the 
demand for small reactors. 

Of equal importance is the need to 
recognise that it is not only the com- 
petitive ability of firms that will deter- 
mine the sales of reactors and nuclear 
equipment. International politics alters 
the purely commercial aspects of sell- 
ing, with sales being dependent on 
agreements that only a Government 
can make. 


COMMONWEALTH GROUPING 

Some more imaginative official UK 
effort has to be made—perhaps on 
the lines of ex-President Eisenhower’s 
‘Atoms for Peace’ programme. So far, 
the Government has only taken part 
in one significant project—the Bagh- 
dad Pact Nuclear Centre for the appli- 
cation of radioisotopes to agriculture, 
biology and medicine. The idea of a 
Commonwealth grouping in nuclear 
energy has been stressed before and 
should be revived and seriously ex- 
amined both as a means of develop- 
ing future markets and as a means of 
pooling financial and manpower re- 
sources and developing new reactor 
concepts. 





Research and Training Reactors 
Built or being built by US firms 
in overseas countries 


ALLIS-CHALMERS 


Ispra, ITALY 
Petten, NETHERLANDS 
Studsvik, SWEDEN 


AMF ATOMICS 


Munich, w. GERMANY 
Delft, NETHERLANDS 
Ontario, CANADA 
Seibersdorf, AUSTRIA 
Lisbon, PORTUGAL 
Athens, GREECE 
Rehovoth, ISRAEL 
Tokai-Mura, JAPAN 
Istanbul, TURKEY 
Teheran, IRAN 
Turin, ITALY 


ATOMICS INTERNATIONAL 


Ris, DENMARK 
Frankfurt, W. GERMANY 


Tokai-Mura, JAPAN 
Berlin, Ww. GERMANY 
Milan, ITALY 


GENERAL ATOMIC 


Belo Horizonte, BRAZIL 
Leopoldville, CONGO 
Rome, ITALY 
Yokahama, JAPAN 
Seoul, KOREA 

Helsinki, FINLAND 
Seibersdorf, AUSTRIA 
Dalat, VIETNAM 
Bandung, INDONESIA 
Belgrade, YUGOSLAVIA 


GENERAL ELECTRIC 
Caracas, VENEZUELA 
Hainchu, FORMOSA 
Madrid, SPAIN 
Quezon City, PHILIPPINES 


This table excludes reactors built or being built by Babcock & Wilcox 
(2), Curtiss-Wright (1), and Foster Wheeler (1). The main companies 
building power reactors abroad are General Electric (Kahl, Senn, Tokai 


Mura) and Westinghouse (Mol and Chooz). 
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Points from Papers 


reports, meetings, conferences 





TURBINE-REACTOR CONTROL 


To achieve maximum system economy, 
nuclear plant needs to be capable of 
controlled load generation to match 
generation-to-customer load. With this 
in mind an electronic system has been 
installed in the Sodium Reactor Experi- 
ment. During experimental tests the 
sre plant control system was used to 
change the thermal power level with 
electrical power requirements at a rate 
of 20%/min. The plant control system 
was able to maintain a constant steam 
pressure and temperature gradient across 
the reactor with rapidly changing 
electrical power, sodium flow and 
reactor power. 

These initial tests have shown that 

the sre is able to follow load demand 
during rapid load changes and that this 
has not had adverse effects on the heat 
transfer characteristics and reactor stabi- 
lity. The integrated plant control will 
be placed in operation after the SRE 
second fuel loading and zero-power tests 
have been concluded. This should be 
finished this year. 
An integrated turbine-reactor control system 
for the sodium reactor experiment. J. R. 
Hall, Atomics International and F. C. Six, 
Leeds and Northrup Co. Report AI-6121. 
16 pp. Presented at the American Power 
Conference, Chicago, March 1961. Copies 
available from Nuclear Power. 


BOILER CIRCULATION THEORY 

This research project aimed at establish- 
ing experimental data concerning flow 
conditions and pressure drop of high 
pressure steam-water mixtures flowing 
along heated and unheated pipes in both 
the vertical and horizontal positions. 
The paper is in three parts. The first 
describes the construction and opera- 
tion of the experimental plant; the 
second analyses the results obtained by 
use of gamma-ray equipment of the 
apparent density of the fluid mixture 
and consequently the velocities of the 
two phases and the third presents an 
analysis of the pressure drop measure- 
ments. The authors conclude that for 
experimental pressure drops at 2100 
Ibf/in’a the results were close to those 
predicted by homogeneous theory. For 
horizontal pipes at lower pressures, the 
theory gave a closer prediction for 
heated than for unheated pipes. This 
is due to the opposing effects of two- 
phase conditions on the frictional and 
acceleration pressure drops in the heated 
pipes. Experimental pressure drops for 
vertical pipes at the lower pressures 
were greater than those predicted by 
homogeneous theory. Closer prediction 
can be obtained by using a slip correc- 
tion factor. It is not expected that this 
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work was of the kind that produces 
revolutionary changes of design. The 
results do, however, provide a valuable 
addition to the knowledge of the pro- 
cesses occurring in the steam raising 
tubes of high pressure boilers. 

Experimental study of the flow conditions 
and pressure drop of steam-water mix- 
tures at high pressures in heated and 
unheated tubes. R. . Haywood, G. A. 
Knights, G. E. Middleton, and J. R. S. 
Thom. Reprint 37/60. 60 pp. Available 
from the Institution of Mechanical Engineers. 


ECONOMICS 

The doubling time of electricity demand 
in the underdeveloped parts of the 
world—seven years—is faster than in 
industrial countries and it is important 
that this demand be met as economically 
and as efficiently as possible. Much of 
the early optimism about the ability of 
nuclear reactors to supply cheap power 
has now faded. This paper critically 
appraises the economics of = small 
nuclear power stations in the context of 
the conditions likely to prevail in these 
less-developed countries. 

Nuclear reactors No. 5. The economic of 
small power reactors. Shell International 


Petroleum Co. Report A5-61. 21 pp. Copies 
available from Nuclear Power. 


FALLOUT 

Results of a radiation survey carried out 
around Harwell during 1958 and 1959 
show that there was no variation in dose 
rate due to deposition of radioactivity 
from the AERE. Maximum levels were 
reached in May/June 1959 and these were 
due to fission product deposition from 
nuclear explosions. 

District gamma radiation survey around AERE 
Harwell, results for 1958 and 1959. A. Morgan. 


AERE Harwell. Report AERE M 71. 8 pp. 
Available from HMSO Is, 9d. 


DECONTAMINATION FACTORS 
Experiments at Harwell have shown that 
the ruthenium decontamination factor can 
be improved by treating the uranium 
stream from an active TBP cycle with 
hydrazine at 70-90°C for 1-2 h before the 
uranium purification cycle. 

Pretreatment with hydrazine prior to the 
uranium purification cycle of a TBP process. 
A. G. Wain, R. J. W. Streeton, E. N. Jenkins, 
J. M. Fletcher and P. M. G. Brown. AERE 
Harwell. Report AERE R 3509. 14 pp. Avail- 
able from HMSO 2s. 6d. 


RHENIUM THERMOCOUPLES 


Certain disadvantages in the use of pure 
tungsten/rhenium thermocouples, _pri- 
marily the limitation of use to 4000°F, 
for high temperature work has led to 
the investigation of the thermoelectric 
properties of tungsten based alloys con- 








taining up to 30%-wt of rhenium. his 
has been done on the suggestion hat 
there might be a_ tungsten/rher um 
system analogous to the platinum) ho- 
dium alloy system. The three y ars 
work at GE-ANPD resulted in the 
development of a thermocouple co: sis- 
ting of tungsten/tungsten-26% rher um 
has been shown to have a high the: no- 
electric power to 5200°F; a high me! ing 
point, probably above 5400°F; to be 
chemically stable at high temperatures 
in protective atmospheres; low com- 
ponent materials vapour pressures; -ase 
of fabrication; and relatively low cost 
compared with noble metals and un- 
alloyed rhenium. 

Thermocouples for 5000°F using rhenium 
alloys. J. C. Lachman and J. A. McGurty 
General Electric, Aircraft Nuclear Propul- 
sion Department. 24 pp. Paper presented 
to The Electrochemical Society Symposium 
on Rhenium, May, 1960. Copies available 
from Nuclear Power. 


GAS DENSITY MEASUREMENTS 


This report sets out the engineering data 
for beta-ray gauges or other electron 
probes working on the attenuation 
principle for measuring gas densities 
The author shows that a density range 
from below 10° to over 1 g/cm’* can be 
properly covered by the selection of a 
suitable attenuation coefficient of the 
electron energy. He also shows that for 
every attenuation coefficient there is a 
density range of about 10:1 over which 
the accuracy of the gauge is high and 
nearly constant. The report includes 
graphs showing the ranges and attenua- 
tion coefficients for various beta sources. 
Beta-ray gauges for gas density measure- 
ments. B. W. Schumacher. Dept. of Physics, 
Ontario Research Foundation. Report ORF 


PRR 6001. 24 pp. Available from Ontario 
Research Foundation $2.50. 


New Reports 





Radiation preservation of selected fruits and 
vegetables. USAEC. Report SRIA-30. Avail- 
able from OTS $3.00 or from depository 
library. 

The inspection of pressure components in- 
tended for nuclear service. J. A. Frew. 
Lloyd’s Register of Shipping. In The British 
Journal of Non-Destructive Testing. Vol. 3, 
No. 1, March, 1961. 

Strontium 90 in milk and agricultural 
materials in the United Kingdom 1959-1960. 
Agricultural Research Council  Radio- 
biological Laboratory. Report No. 4. 81 pp. 
Available from HMSO 5s. 


Behaviour of metallic thick-walled cylindrical 
vessels or tubes subject to high internal or 
external pressures at elevated temperatures. 
A. E. Johnson, J. Henderson and B. Khan. 
Paper 38/60. 29 pp. Available from the 
Institution of Mechanical Engineers. 


Atomic energy’s contribution to non-destruc- 
tive testing. P. C. Aebersold and O. M. 
Bizzell. Office of Isotopes Development, 
USAEC. 12 pp. Presented at the Society for 
Nondestructive Testing Convention, Los 
Angeles, March, 1961. Available from OTS 
or depository library. 

Strontium studies. Katherine Williams. AERE 
Harwell. Report AERE R3423. 53 pp (with 
bibliography). Available from HMSO 8s. 
A survey of the plutonium spectra in the 7000- 
10,000 A region. L. Bovey, M. C. J. Barker 


and A. Ridgley. AERE Harwell. Report AERE 
R3515. 11 pp. Available from HMSO 2s. 6d. 
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REVIOUS ARTICLES in this series have described various 
P aspects of the irradiation techniques used at AERE 
Harwell to investigate the behaviour of fissile materials 
under neutron irradiation. The results obtained have been 
discussed by Pugh (/) Greenwood (2,3) and others, but 
during the course of the experiments a considerable amount 
of experience has been acquired in what may be described 
as ‘Irradiation Philosophy’ and it is hoped in this final 
article to summarize it and emphasize those aspects which 
are regarded as important. 

One fact that is probably not fully appreciated is the 
very high cost in labour and equipment of most irradiation 
experiments quite apart from the reactor costs which are 
in themselves considerable ; this fact controls much of the 
‘philosophy’ discussed below. 


WORKING METHOD 


Because irradiation experiments are frequently compli- 
cated and involve considerable engineering effort it is not 
unusual for the sponsor of an experiment to prepare a 
technical specification against which a project engineer 
will design a rig and organize a large part of the experi- 
mental programme. In the work discussed in this series, 
however, the same people who have had the responsibility 
for planning the scientific aspects of the experiments 
have worked in close collaboration with the design en- 
gineers and become deeply involved in the develop- 
ment of new techniques using their own laboratory and 
workshop for much of the work, including prototype rig 
manufacture, the final detailed design and manufacture 
being undertaken by the engineering divisions. Also, again 
in close collaboration with the Reactor Engineering teams, 
the experimental staff have carried out a large amount of 
pre-irradiation testing and commissioning, and have also 
played a big part in installing the apparatus in the reactor. 

This method of working has evolved directly from the 
early Windscale experiments and, in practice, has worked 
very well; it has not been confined to the actual irradia- 
tion rig aspects but has also been applied to post-irradiation 
techniques. New designs of shielded facilities have usually 
involved the experimental staff on considerable mock-up 
and development work again in close liaison with the 
designers which has then been followed by detailed design 
and manufacture by the Engineering Divisions, final com- 
missioning being undertaken as a collaborative effort. 

It is interesting to comment on the part that the develop- 
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Our concluding article emphasizes that several years’ work has been needed 
before ‘experiments can be mounted with a high probability of success’ 


Irradiation techniques 
for fissile materials—6 


by O. S. PLAIL, A.M.I.Mech.E., Group Leader, Irradiation Branch, 
Metallurgy Division, AERE, Harwell 









ment workship has played in this. A considerable number 
of ideas have come from this shop and frequently it has 
been found that the mechanics can make a very large 
contribution to the practical development and manufac- 
turing techniques. 

The main advantages of this method of working are 
three-fold. Firstly, this close collaborative effort between 
experimental staff, design engineers and workshop for the 
preliminary assessment and the continual development 
results in final designs in which reasonable compromises 
are reached between the possible conflicting requirements 
of experimental needs, engineering design, in-pile operation 
and manufacturing difficulties. Secondly the use of labora- 
tory-type experiments both in and out-of-pile helps in many 
of the design problems and gives the experimenter a much 
clearer understanding of the conditions existing in the rig. 

Thirdly, by involving the experimental and scientific staff 
in many of the practical aspects of the work, a block of 
experience has become available which is of very great 
use in the detailed planning of the actual experiments both 
in-pile and in the post-irradiation examination. Thus, 
because the same team of experimentalists have been 
responsible for much of the detailed experimental pro- 
gramme, it has therefore been possible to formulate experi- 
ments which are within the capabilities of the equipment 
and this intimate knowledge of the techniques has fre- 
quently obviated some of the pitfalls of over specification 
which are otherwise likely to occur. There is a very real 
danger of experimental staff insisting on a rigid and 
unrealistic specification in an attempt to achieve ideal 
conditions. Experience has shown that frequently the 
acceptance of slightly less stringent conditions enables the 
work to proceed more rapidly. 

The close connection of the scientific staff with the prac- 
tical aspects of the work is also extended to the detailed 
post-irradiation examination. The responsibility for an 
experiment obviously lies with the sponsor. Although 
the personnel operating the remote handling building will 
give a service and carry out well defined measurements, 
e.g. density determinations, dimensional checks etc., the 
sponsor is encouraged to come into the remote handling 
building as much as possible to supervise the work and 
check results. In the case of examinations such as post- 
irradiation metallography, the sponsor will in fact operate 
the metallograph himself. It is considered that there are 
inherent dangers in a system which collects post-irradiation 
data and passes this back to the sponsor and it is therefore 
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very important that he should be intimately acquainted with 
the post-irradiation examination because he alone will have 
an overall appreciation of the complete experiment. 


ECONOMY OF EQUIPMENT 

The article in the January issue of Nuclear Power 
discussed the design of the rigs used for irradiations in 
DIDO and PLUTO. 

The basic simplicity of design and their inherent safety 
has led to their widespread use not only at AERE but in 
other materials testing reactors both in the UK and 
Europe. They have proved to be very reliable in service 
and very few have been prematurely removed from the 
reactor due to faults. 

As was pointed out in the earlier articles they can be 
used for a variety of experiments and this flexibility is a 
most important point. Whenever a new experiment is pro- 
posed it is carefully examined to see whether it can be 
fitted into one of the existing rigs, if necessary making 
alterations to accommodate it. The alternative is to design 
a new rig for each experiment and experience has shown 
that this can be a fairly lengthy and expensive business. 
There is therefore, considerable incentive to use these 
existing designs and in fact they are being used for a 
variety of experiments, ranging from gas release measure- 
ments from UO, under irradiation to small scale fuel 
element tests. 

Although there is no doubt that the rigs as they stand 
could be improved, there is a very real danger that perfec- 
tion in design can become an end in itself. It is essential 
that the main function of the irradiation experiments i.e., to 
obtain a better understanding of irradiation effects, should 
be kept very much in mind. Therefore new developments 
must be carefully considered in relation to the effort 
required and the resulting advantages. This philosophy 
also applies to remote handling. Typical of this attitude 
is the decision recently taken to install a further remote 
metallographic suite; to save expense and design time an 
almost exact copy of the one described in the last article 
is being installed. 


REMOTE HANDLING 

Considerable changes have come about in the post- 
irradiation examination of the fissile samples (see Nuclear 
Power, May, pp. 82-86). The use of the lead shielded 
boxes for this work has been largely justified but their 
relative lack of flexibility somewhat limits their usefulness. 
Although there is considerable controversy on the matter 
from experience gained it would seem that small lead 
shielded facilities come into their own where regular and 
well defined sets of operations have to be performed and 
therefore, fixed equipment can be installed for long periods 
of work. A good example of this is the balance box (see 
Fig. 4, Nuclear Power, May). For work of a rather un- 
defined nature it is considered that the concrete cells using 
manipulators will give the flexibility of operation which is 
required. However, as pointed out, there has been a move 
towards an open area approach in the lead shielded 
facilities and this has resulted in a greater flexibility in 
operation. 

From a general point of view the most outstanding de- 
velopments that have taken place in remote handling con- 
nected with this work are three in number. Firstly, the 
development of techniques for working under @ B y 
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conditions; this has resulted not only in the ability to 
examine irradiated materials but has given a very ¢ od 
measure of contamination control. Secondly, the us. of 
non-professional labour has made an enormous differ nce 
to the amount of work that can be tackled. Thirdly, the 
introduction of the new concrete cells designed specific ally 
to deal with « £ y activity without the use of either a ‘rog 
suit or approach area is an important step forward. 
Experience will show whether this method of working is 
efficient. 


STANDARDS OF WORKMANSHIP 

As pointed out in earlier articles it is of outstanding 
importance that the standard of workmanship should be 
maintained at a very high level. This applies not only to 
rig manufacture but also to rig commissioning and to post- 
irradiation examination. 

Although only briefly discussed previously the very 
careful and detailed pre-irradiation testing has become an 
important feature of the fissile irradiations. Equipment and 
techniques have been improved and it is interesting to 
reflect that if mass spectrometer leak testing detects a 
faulty weld which could cause a failure of one sodium 
filled capsule in the reactor, the saving achieved both with 
regard to the cost of the rig and the value of the scientific 
information obtained outweighs the cost of the mass 
spectrometer equipment many times. The maintenance of 
these extremely high standards cannot be over emphasized. 


GENERAL CONCLUSIONS 

In conclusion therefore the following main points can be 
made. It has taken several years to reach a state where 
experiments can be mounted with a high probability of 
success. This has resulted from an extremely close col- 
laboration between the engineering, design and manufac- 
turing team and the experimental staff responsible for the 
scientific experiments. The techniques that have been 
worked have seen extensive use in the reactors DIDO and 
PLUTO and their use is being extended to other material 
testing reactors. It is realized that improvements are 
always possible but new development should be aimed at 
these aspects where there is a very substantial advantage 
to be gained such as in the field of very high temperature 
testing for advanced reactors. It is considered that the 
state has been reached where the techniques are sound and 
although during the whole period of their development 
results have been obtained, it is now most important to 
utilize them to the full in order to obtain a closer under- 
standing of irradiation damage in fissile materials. 
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Isotopes in the USSR 


some new applications 


HERE ARE two principal organiza- 

tions primarily concerned with the 
Soviet isotope programme. The Admini- 
stration of Production and Utilization 
of Radioactive Isotopes, Glavatom, 
provides the technical information, but 
the actual distribution is administered 
by the Department of Isotopes of the 
State Union Trust ‘* Sayuzreaktiv’ of 
the Ministry of Chemical Industry under 
regular commercial agreements with the 
purchaser. An isotopes bureau, similar 
in scope to the one in London run by 
the UKAEA, has been set up. 

Since 1957, with partial decentraliza- 
tion, Soviet scientific research centres 
in or near the capitals of certain 
republics have aimed at self-sufficiency 
in isotope production A stage has now 
been reached where a percentage of 
USSR production can be released as 
exports. In 1957, most of the 3000 ship- 
ments exported went primarily to the 
‘bloc > countries. Since then, shipments 
have increased with greater quantities 
going to countries outside. 





Automatic control of shaft grinding 
(Fig. 3) 





Increasing egg productivity (Fig. 5) 
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Examples of interesting new Soviet 
applications cover the fields of engineer- 
ing, mining and food production. In the 
Moscow Likhachev Motor Works, the 
technologist is aided by equipment 
developed in the factory’s own labora- 
tories. One radioactive application is in 
the development of new cutting tech- 
niques and wear studies. The lip of the 
cutting tool under investigation is first 
irradiated in a reactor. During the cut- 
ting operations, controlled inside a 
glovebox, microparticles worn away 
from the lip adhere to the shavings. The 
machined parts and the radioactive 
particles are then analysed (Fig. 1). In 
the same works, mobile cobalt-60 instal- 
lations are used for the quality inspec- 
tion of metal welding and other com- 
ponents. The detection and photography 
of internal defects in steel parts up to 
8 in is possible (Fig. 2). 

In another engineering application, 
the grinding of shafts to very fine limits 
is done by automatic control. The 
caliper eliminates the possibility of 





Checking coal dust deposits (Fig. 4) 








Quality inspection of welds (Fig. 2) 


human error and incorporates a radio- 
active detector ; as soon as the specified 
diameter is reached, a switch is actuated 
which stops the grinding machine 
(Fig. 3). 

Some thought has also been given to 
the safety in mines. As a check against 
lung diseases and fire hazard due to coal 
dust, a portable back-scatter thickness 
gauge has been introduced by the 
Kharkov (Ukraine) Mine Surveying 
Instruments Factory. Using a thallium- 
204 source, the gauge keeps a constant 
check on the thickness of coal dust 
deposits. 

In the field of food production, 
improved productivity in poultry and 
increased egg laying capacity is being 
sought. At the Institute of Genetics of 
the USSR Academy of Science, radio- 
active preparations in doses which have 
no effect on vital processes, are intro- 
duced into the chicken’s organism 
(Fig. 5). 





PRODUCTION FIGURES 
The estimated annual saving to 
Soviet industry through the applica- 
tion of radioisotopes is over £13 mil- 
lion. They are being used in several 
thousand industrial plants, in various 
fields of research, and for the 
improvement of agricultural tech- 
niques and production. 


Types available 
over 90 radioisotopes, 170 stable 
isotopes, over 360 labelled com- 
pounds, over 100 types of cobalt- 
60, caesium-137, strontium-90, and 
many others. (latest available 
information—1958). 
Shipments 
11,500 1954 
26,000 1957 


Quantities in total radium = gram 
equivalent 

2000 1955 

over 90,000 1957 














83 








RESEARCH AND DEVELOPMENT 


Rings for reactor pressure vessels 


CUTTING HOLES IN the 4in steel 
plate forming the reactor pressure 
vessel weakens the shell considerably. 
This is particularly true for the CO: 





Sections of model rings similar to 

those made for Latina show the three 

stages of forging—before, during and 
after shaping (Fig. 1) 


inlet and outlet ducts which are be 
tween Sft and 7ft inside diameter. 
To replace the strength lost by cutting, 
a ring of very heavy section is welded 
in. The rings used at Bradwell, for 
instance, are roughly of a fluted trian- 
gular section, and the section is many 
times as deep and wide as the thick- 
ness of the shell itself. 

It has not been possible so far to 
roll rings of such heavy section; to 
machine the special section from a 
ring of rectangular section is extrava- 
gant as more steel is wasted by cutting 
away than the amount left to make 
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new forging process 


the ring. In _ collaboration with 
Whessoe, a method of forging almost 
exactly to shape has been developed 
at the Darlington Forge, reproducing 
the required form. Rings for the 
Latina nuclear power station, weigh- 
ing 19 tons, have been forged in this 
way. Forging to shape has a further 
great advantage in that it produces a 
grain flow in the material which fol- 
lows the shape of the ring, thus giving 
a much better forged structure. Model 
rings of laminated material were made 
during the development of this method 
and the sections show the grain flow 





Reinforcing rings for the Dungeness 
heat exchangers after machining 


(Fig. 2) 
Darlington have 
produced this 
cambered flange 


for cylindrical sur- 
faces (Fig. 3) 





The AGR heat 

exchanger shell 

showing cambered 

rings fitted at the 

top and bottom 

of the vessel 
(Fig. 4) 





Material sawn from this ring for Dun- 
geness is used for mechanical tests 
(Fig. 5) 


effect during and after shaping (Fig. 
1). 

Reinforcing rings of a slightly 
different shape for the heat exchangers 
of the Dungeness nuclear power 
Station have also been made by a 
variation of the new forging process 
(Fig. 2). Other rings have been made 
to reinforce openings in a cylindrical 
surface. The main flange is saddle- 
shaped or cambered, and a special 
process for producing this camber 
has been developed (Fig. 3). In the 
Windscale Advanced Gas-cooled Re- 
actor cambered rings are used to re- 
inforce openings in the cylindrical 
reactor shell, and for openings in the 
cylindrical heat exchangers (Fig. 4). 

The absolute soundness of all these 
rings is most important; it is almost 
impossible to do any repair work, and 
quite impossible to inspect them once 





the reactor is working. All the rings, 
therefore, are ultrasonically _ tested 
to ensure freedom from _ internal 
defects. A special steel has been devel- 
oped for making these forgings which 
is of weldable quality and meets the 
stringent notch-ductility and mechani- 
cal requirements. Material sawn from 
the forged rings is used for mechanical 
tests to ensure that the specified re- 
quirements are met (Fig. 5). 
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ALLEN WEST'S NEW Proving 
Station and Research Laboratories, 
opened last year at East Moulse- 
coomb, near Brighton, are equipped 
to undertake under the most rigorous 
and precise conditions, the investiga- 
tion of the construction and perform- 
ance of electrical motor control gear 
throughout its development—from the 
first experimental model right through 
to full scale production. Gear to be 
tested ranges from the smallest push- 
button control switch to oil-break 
switchgear weighing several thousand 
lb. As an example of the work 
associated with nuclear power devel- 
opments, tests have been carried out 
on contactor and switch fuse equip- 
ment for the Trawsfynydd nuclear 
power station. Control gear for Brad- 
well’s ‘Goliath’ crane was also investi- 
gated. 

Power sources from an adjoining 
motor generator room are fed to 
25 service points within the labora- 


see ee 


nadie 


Electrical research laboratories 


control gear development 


tory; each has its own facilities for 
the control of voltage, current and 
frequency. The tests made involve 
the observation, measurement and 
recording of: temperature rise under 
full load and overload conditions ; 
operating times and velocity of mov- 
ing parts ; magnetic performance ; and 
analysis behaviour under various con- 
ditions. Typical of the instruments 
used are thermocouples, electronic 
time interval meters, flux meters, im- 
pulse generators and ultrasonic flaw 
detectors. Data on contact operation, 
electrical changes and other transient 
conditions is provided by either the 
Duddell electromagnetic oscillograph, 
or a cathode ray type of oscillograph. 

For high voltage insulation testing 
up to 120,000V, a special area pro- 
vides an inverted Schering bridge to 
deal with loss factor measurements, an 
electronic peak voltmeter, and an 
adjustable sphere gap. An anechoic 
chamber is used for investigations on 





In the development section of the Allen West laboratories a variety of work is 
in progress 


| Measuring close and release times of d.c. contactors 
with the aid of an electronic time-interval meter 


2 Determination of the working voltage range of 
Operating coils on some prototype d.c. contactors 


3 Checking a coil for short-circuited turns by noting 
the degree of unbalance introduced on a sensi- 
tively balanced inductance bridge when the sus- 
Sected coil is brought into close proximity to 
reference coil 


4 Obtaining tripping-time/ampere-turn character- 
istics of overcurrent relays employing silicone oil 
as the delay medium 


5 Stat ty measurements on an experimental timing 
relay 
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6}Routine battery charging 

7 Investigation into contact kinematics to minimize 
bounce or chatter on a prototype d.c. contactor 

8 and 9 Selecting and routing an electrical supply at 
the central distribution board 


10 Checking operating coils for a new range of A.C. 
unit type contactors 


|| Preparing for acoustic measurements on some a.c. 
magnets in the anechoic room 


12 Evaluating the results of impulse voltage tests on 
some operating coils for which the small Marx 
generator (foreground) was used 












Preparations are being made to record 
a shock test by high-speed cinemato- 
graphy 


noise and to detect high voltage dis- 
charge, aurally and visually. 

Endurance testing is a_ regular 
feature and the number of operations 
may run into many millions. Shock 
testing is another important aspect of 
the laboratory’s work. Gear to be 
tested is mounted on a solidly-con- 
structed test plate which receives the 
impact of a 400lb weight dropped from 
a height of up to 6ft. A lateral blow 
is delivered by swinging a_ similar 
weight through an arc of up to 90° 
and there is a further adjustment for 
an end blow of equal severity. Peak 
accelerations in excess of 2000g are 
possible. 

Two devices are used for investi- 
gating the effects of vibration. They 
are a vibration table, on which can 
be produced a frequency range of 
1-15c/s at a fixed amplitude of Olin, 
and a vibrating bar equipment where 
the frequency range can be extended 
from 15-120c/s. Observation of the 
behaviour of electrical components 
and assemblies under these conditions 
is made either by stroboscopes or by 
a high speed cine-camera_ which 
permits observation up to a speed of 
8000 pictures per second. 
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Data processing 
new applications 


Harwell’s Mercury digital computer 
which has for some time, performed 
most of the establishment’s major 
mathematical calculations, in addition 
to its use for the processing of nuclear 
data, has recently been provided with 
a punched card information input and 
output system, and with a line-a-time 
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printer. The new extensions, designed 
and built by Ferranti, increase the 
general power and flexibility of the 
installation. Identical modifications are 
to be made to the Mercury computer 
at the UKAEE, Winfrith. 

Another Ferranti digital computer, 
the Argus, is to be used by Babcock 
and Wilcox for the control of start- 
up and shut-down of a 2000MW 
steam raising unit at the new West 
Thurrock CEGB power station. Start- 
up operations take about six hours 
and involve some 800 different con- 
trols. With differences in operating 
skill and experience, some 10% of 
start-up time can be accounted for. 
Argus will be programmed, therefore, 
to achieve more efficient procedures, 
in addition to providing records of 
the many variables that will form the 
basis of further calculations leading 
to additional efficiency. 

The programme store holds 4096 
instructions and the working store 
1024 words. The input will accept up 
to 171 analogue signals from 97 trans- 
mitters and 32 three-term controllers. 
In addition, digital signals from 675 
on/off devices can be accepted as well 
as readings from 150 thermocouples. 
The output provides digital drives to 
about 150 contactors 

There are two printers: an opera- 
tions unit that gives details on com- 
puter operation and plant behaviour ; 
the other prints boiler pressures and 
temperatures, metal temperatures, etc. 
as well as figures concerning plant 
efficiency and performance. The com- 
puter will also be used to monitor all 
essential alarm points and operating 
equipment. 
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Trace reader 

high speed analysis 
Primarily designed for the study of 
pressure surges in aircraft hydrant 
fuelling systems, a new electronic trace 
reader has been developed by Shell 
that speeds up the analysis of continu- 
ous strip trace lines. 

The record trace rests on a table 
moveable by means of two lead screws 
along x and y axes (e.g. time and pres- 
sure) in the horizontal object plane 
of a projection lens. A small region 
of the chart around the lens axis is 
illuminated and back projected at 
fixed magnification ( x 4) upon a con- 
veniently placed viewing screen. This 
screen is ruled with two fixed inter- 
secting diameters parallel to the table 
motions. 

By moving the table so that the 
image of any point on the trace line 
coincides with the intersection of the 
viewer lines, each co-ordinate of that 
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Viewing a projected trace on the Shell 

trace reader. The value of the quantity 

recorded by the trace is automatically 

registered on the numerical counter 

at the top when the cross hairs coin- 

cide with a point on the projected 
trace line 


point is converted to a voltage betw °en 
the sliders of a pair of multi-: im 
potentiometers connected in par: lel, 
One is geared to the respective :ad 
screw and the other is manually ad- 
justable. The latter permits any p int 
to be made the origin of co-ordin «tes 
by reducing the corresponding vo! age 
to zero. Without disturbing the or zin, 
the co-ordinate scales may be fi ted 
independently to any linear chart <ali- 
bration (usually to numerical co’ res- 
pondence) by manually adjusting the 
voltage across the appropriate »air 
of potentiometers. 

The x or y co-ordinate voltage, sel- 
ected by a switch, is displayed on a 
0-999 digital voltmeter with an accur- 
acy corresponding to one or ‘wo 
thousandths of an inch on the record 
trace. 
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IN BRIEF 





BRITAIN’S SCIENTIFIC ACHIEVE- 
MENTS. The main theme for the British 
Section of the International Labour Exhibi- 
tion to be held in Turin, from May 6 

October 31, is the past and present achieve- 
ments of science. Nuclear energy and re- 
search is represented by a working display 
of the Windscale Advanced Gas-cooled 
Reactor. 
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PIPELINE RADIOGRAPHY. _Iridium-192 
from the UKAEA has been used for check- 
ing the butt-welding on the new 60-mile 
long, 18in pipeline linking the B.P. tanker 
terminal at Milford Haven with the Llan- 
darcy refinery. With the radioisotope placed 
at the opposite side of the pipe for the 
duration of the exposure, photographs of 
the weld—one-third at a time—are taken 
on strips of film sandwiched between two 
sheets of lead foil. 
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OCEAN FLOOR MANIPULATOR. A basic 
General Mills manipulator is being adapted 
for service in corrosive sea water at pres- 
sures of between 8-9 tons/in2. For use with 
the US Navy’s bathyscaph ‘Trieste’, the 
mechanical arm will be modified by means 
of special oil-filled units designed to 
equalize the pressures on motors and other 
critical parts. 
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CO-OPERATIVE RESEARCH. The first 
arrangement of its kind in England and 
Wales, a scheme has been announced for 
sharing scientific equipment between over 
100 industrial companies in South-East 
England. 
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MEASURING LENGTHS ACCURATELY. 
Developed and produced by Carl Zeiss in 
Western Germany, the National Physical 
Laboratory has purchased a £16,000 metre 
interference comparator which will measure 
length standards to an accuracy of 1 part 
in 10 millions or better. The instrument 


uses the wavelength of monochromatic 
light as the invariable standard of length, 
and the phenomenon of wave-interference 
as the means of measurement. 
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RESEARCH REACTOR NO. 1. Proving 
trials for AEI’s ‘Merlin’, granted Reactor 
Site Licence No. 1, are nearing completion 
Nine research projects are planned which 
include the investigation of radiation dam- 
age to UO, and semiconductors, Cherenkov 
detectors, fission product detectors and actu- 
ation analysis. 


we 289 


DIGITAL COMPUTING SERVICE. Based 
on a Pegasus general-purpose digital com- 
puter at Hollinwood, Ferranti has set up a 
Northern computing service for industrial 
scientific and commercial calculations. 
Clients may prepare their own prcgrammes 
or hand over the complete job to the com- 
puting service staff. 
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MARINE RADIATION MONITORS. Air 
particle monitors for installation on board 
nuclear powered vessels are to be manu- 
factured by Tracerlab. Weighing 500Ib and 
20in wide x 20in deep x 28in high, these 
radiacmeters provide visual and audio sig- 
nals when the radioactivity reaches abnormal 
levels within the vessel. 

* 29) 


COBALT THERAPY UNIT. With the in- 
stallation at Glasgow’s Royal Infirmary of 
a cobalt therapy unit costing over £11,000, 
Scotland has its first deep X-ray facility. 
The ‘Orbitron’ made by AEI is surrounded 
by 44ft of concrete contained in a building 
20ft high. The special viewing window pro- 
vided takes the form of a shell filled with 
40 gallons of zinc bromide. 
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7 For further information on any item, circle 
the appropriate number on the reply card 
facing page 106 
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AEl EXPECTS DUNGENESS’ GAIN 
Associated Electrical Industries expects 
to make a ‘modest’ profit on the building 
of the SSO MW _ Dungeness nuclear 
power station. In his annual statement, 
Lord Chandos, AEI’s chairman, said 
the merger with The Nuclear Power 
Group had enabled large savings to be 
made in technical staff and in costs; 
operations now appeared to be adjusted 
to the likely volume of orders. Risks 
involved in tendering for Dungeness 
were less than those involved in tender- 
ing for the first station—Berkeley—when 
new ground was broken, as the earlier 
problems could now be accurately 
assessed. Lord Chandos added: ‘I cannot 
but express my disappointment that the 
engineering and scientific effort at 
Berkeley may be rewarded with a loss. 
On the other hand, if you regard the 
money which we may lose as a develop- 
ment expense and not as a contractural 
loss, large though it may be, it brings 
the whole subject into clearer perspec- 
tive’. 


EQUIPMENT SHARING PLANNED A 
scheme for sharing scientific equipment 
between industrial companies in south- 
east England, believed to be the first 
arrangement of its kind in the UK, has 
been announced by the Federation of 
British Industries, London and South 
Eastern Region. Under this arrange- 
ment, a large proportion of the 126 
industrial firms represented in these 
regions have submitted two lists of 
items of equipment—one showing the 
equipment they are prepared to lend 
and the other, equipment they would 
like to borrow. 


EXPANSION OF EDWARDS GROUP 
Edwards High Vacuum Ltd is to acquire 
the whole of the issued capital of J. H. 
Holmes & Son Ltd, precision engineers. 
The acquisition is with a view to ex- 
panding Holmes as the specialised high 
Precision machine division of the 
Edwards’ group of companies, covering 
aspects outside the present facilities of 
the group. 


UK FIRM WINS GAUGE ORDER A 
nucleonic gauge for measuring hot- 
rolled aluminium strip has been sold by 
Baldwin Industrial Controls to the 
Swedish firm AB Svenska Metallwerken 
of Finspaang. It involves a 500 milli- 
curie strontium 90 source and is report- 
ed to be one of the first of its kind to 
have been installed in Sweden. Mean- 
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while, Baldwin’s are understood to be 
negotiating for the supply of measuring 
gear to a Finnish paper and pulp plant. 
The order is worth some £3000. The 
firm sold, last December, 12 gauges 
valued at £12,000 to the Dutch straw- 
board industry. 


NUCLEAR FUEL IMPORT DUTY An 
application for removal of import duty 
on nuclear reactor cartridges, spent or 
irradiated, is being considered by the 
Board of Trade. A statement of the 
applicant’s case has been made available 
to firms and organizations who wished 
to make representations on the matter 
and who applied to the Board of Trade 
before May 12. 


@ Hayward Tyier & Co. Ltd received 
a £50,000 Simon Carves contract for 
supplying low pressure and high pres- 
sure glandless circulating pumps (eight 
each) for the Japanese Tokai-Mura 
nuclear power station. 

@A new Fafnir Bearing Co., Ltd fac- 
tory is to be built on a 20 acre site at 
Hednesford, Staffs. 


@ Glenhill (Office Furniture) Ltd is 
supplying the canteen furniture for 
Sizewell nuclear power station. 

@ The UKAEA is to exhibit aspects of 
its work at the West German triennial 
Chemical Engineering Exhibition and 
Congress, Frankfurt, June 9-17. 

@ Dewrance & Co. Ltd has formed the 
Dewrance Metals Division. It is respon- 
sible for production and sales of quality 
castings and ‘Endewrance’ hardfacing 
and high temperature brazing alloys. 


OVERSEAS 


COBALT-60 IMPORTS The Hannover In- 
stitute for Petroleum Research has im- 
ported a 7000 curie high specific activity 
cobalt-60 source from the USA. It will 
be used to study radiation chemistry 
processes in petroleum refining and 
petrochemical manufacture. A second 
source of 5000 curies will be delivered 
by the US for research into radiation- 
induced reactions. Equipment to handle 
the sources has been supplied by the 
UK. 


LARGEST CARBIDE CONTRACT An 
order for approximately two tons of 
3.79% enriched uranium carbide — said 
to be the largest single order ever 
placed for uranium carbide—has been 








received by the Spencer Chemical Com- 
pany, USA, from Atomics International. 
The material is reported to be destined 
for use as prototype fuel elements fo: 
the AI sodium graphite reactor being 
built at Hallam, Nebraska. The material 
to be supplied is a new crystalline form 
of uranium carbide suitable for produc- 
tion either by compaction or melting and 
casting into fuel elements. 


E. GERMANY OFFERS ISOTOPES The 
East German Office for Nuclear Research 
is now offering a wide range of radio- 
isotopes for sale. It also offers contained 
sources of radiation and complements 
its range by imports from the Soviet 
Union. Meanwhile, the application of 
radioisotopes to measuring strip steel 
at the cold rolling mill in Oranienburg. 
East Germany, is reported to have made 
it possible to operate the mill at full 
speed and dispense with manually 
operated micrometers. 


MATERIALS TESTING CONTRACT Mit- 
subishi Atomic Power Industries, Tokyo, 
has signed a contract with Westinghouse 
Electric International Company, to con- 
duct nuclear materials testing for the 
Japanese firm at the Westinghouse 
Testing Reactor, Waltz Mill, Pennsyl- 
vania. Under the contract, Westinghouse 
will perform irradiation tests of uranium 
dioxide fuel fabricated by a swaging 
process developed by Mitsubishi. The 
programme will be completed within six 
months. 


@ Four American Standards Associa- 
tion committees are assessing and tabu- 
lating information on electrical measur- 
ing instruments used in connexion with 
ionizing radiation. They will report at 
the meeting later this year of the Inter- 
national Electrotechnical Commission’s 
Technical Committee ‘45’. 


@ The Universities of Frankfurt, Padua 
and Lavel (Canada) and the Japan 
Atomic Energy Research Institute have 
placed orders worth over $2 million 
with High Voltage Engineering Cor- 
poration, USA, for 5°5 million electron 
volt positive ion accelerators. 


@ AMF Atomics (Canada) Ltd has com- 
pleted an order for a new type of 
uranium oxide fuel element for experi- 
mental work at Atomic Energy of 
Canada’s Chalk River establishment. 
The elements will be used in the 100 
watt ZED-2 research reactor. 


@ Radio Corporation of America is 
now manufacturing a complete range of 
gamma ray gauging systems for indus- 
trial applications. 


@ Some 1000 delegates attended the 
Seventh Commonwealth Mining Con- 
gress in Johannesburg where 90 papers 
on various mining topics were presented 


@ A new Pye electronics factory to be 
opened in Northern Italy will be opera- 
ted by Pye Electronic S.p.A. with 
offices in Milan. 
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EQUIPMENT - INSTRUMENTS : MATERIALS 





STEREO TELEVISION 
closed-circuit conversion 
A simple optical system that converts 
any closed-circuit television equipment to 
a three-dimensional picture in minutes 
is available from Stereotronics. Requiring 
no electronic changes in existing equip- 
ment, this three 


system consists of 


devices: a ‘stereo-captor’ fits on the 
front of the television camera lens; a 
transparent stereo-screen is placed in 


front of the receiver and the viewer 
wears stereo-glasses. 

The first device provides the camera 
with two views of the scene, transmis- 
sion to the taking place 
normally. At the receiver, the combina- 
tion of the stereo-screen and_ stereo- 
glasses channel one of the views to each 
eye and three-dimensional 
image. The system permits group view- 
ing from any normal distance or angle 
and the stereo-picture can be photo- 
graphically recorded for future study. 
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DETECTING IMPURITIES 
resistivity meter 
Originally developed at the UKAEA, 
Dounreay, for the accurate and con- 
tinuous monitoring of impurities in 
sodium and sodium-potassium _liquid- 
metal coolant circuits, the Bruce Peebles 
resistivity meter can detect an impurity 
concentration to a few ppm. The operation 
of the equipment is based on small 
changes in the resistivity of the liquid 
metal resulting from the adsorption by 
the coolant of impurities such as oxygen. 
The resistivity meter performs two func- 
tions: it measures absolute resistivity, 
and it measures small changes in resist- 
ivity resulting from the presence of 
impurities in the liquid-metal cooling 
circuit. An indication of the success of 
‘clean-up’ processes is also given. 
The meter head is a low-loss trans- 
former with a main energizing winding, 


receiver 


create a 





The complete monitoring equipment for 

detecting liquid metals impurities com- 

prises (left to right): a meter head, a 

compensator unit, a test meter, and 
the control unit 
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for producing the flux, and two second- 
ary windings — one of which takes the 
form of a toroidal pipe, the other is in 
the form of a multi-turn search coil. 
The control circuit is basically a bridge 
circuit which is independent of frequency 
but is polarity-sensitive. An increase or 
decrease in resistivity is indicated by a 
positive or negative reading on an ex- 
ternal recorder. Changes resulting from 
temperature fluctuations are discounted 
in the final reading by means of two 
decade switches on the control unit. 
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portable pH meter 
A new type of battery operated pH 
meter, which is simple to operate, has 
been introduced by H. G. Stevens. 





This battery operated pH tester gives 
direct measurement when immersed in 
the test solution 


Pressing a push button gives a direct 
reading pH value in the range 2-12, 
with an accuracy of *0'1. 

The immersion section, made of plexi- 
glass, contains a_ single-bar special 
measuring assembly with a high resist- 
ance glass electrode. The meter head, 
built-in at the top, incorporates knobs 
for calibration, temperature control and 
needle adjustment. The total weight is 
just under 3} lb and overall length 184 in. 
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MEASURING RESOLUTION 
three-pulse generator 


particularly for measuring 
resolution times of coincidence circuits 
and scalers, and for simulating three- 
parameter programmes, the new Inter- 
technique generator, model GT10, 
delivers three rectangular pulses whose 
signs, amplitudes, widths and delays are 
independently variable. The repetition 
rate of the three-pulse pattern can be 
adjusted from 1 to 10,000/s. The low 
impedence output setting can be used 
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Each pulse in the Intertechnique thee 

pulse generator can be adjusted in 

amplitude (positive and negati 
length and phase 


to investigate response of transistor ized 
circuits. 

A ‘clock’ pulse generator, consisting 
of a variable frequency multivibrator, 
sets the repetition rate of the three- 
pulse pattern. Internal synchronization 
covers the range up to 10,000 counts}s 
in four decades with an accurately de- 
fined setting at 4 ke (crystal controlled) 

Each of the three generator channels 
includes a delay circuit, a pulse shaping 
circuit and an attenuator to adjust in- 
dependently the output pulse delay, width 
and amplitude. In addition, a differen- 
tial amplifier is provided on_ each 
channel to deliver, on separate outputs 
a positive and a negative pulse, both 
available for simultaneous use. 


FLOW CONTROL 

heavy-duty globe valve 
Crosby have announced a _ completely 
new Masoneilan_ single seat heavy 
duty globe valve, the 20,000 series 
which eliminates the orthodox bottom 
guiding in extra heavy 
top guiding. This and other stream- 
line design features give the valve 
a flow capacity almost equal to that of 
the equivalent line size double seat con 
trol valve. It will also withstand greater 
out of balance pressure across the seat 


*% 21) 


favour of 





The new Crosby seated dia 

phragm control valve combines the 

features of high capacity, high permis- 

sable pressure drop and a large range 
of interchangeable trims 


single 
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and s ill give tight shut-off and stable 
thrott ng control. 

Eac i size of valve is available with a 
wide «ange of interchangeable reduced 
area pugs and seats for temporary condi- 
tions, lower flows, and higher pressure 
drops, etc. The screwed type is available 
in the range }in to 2in with trim sizes 
lin up to 2in; in the flanged range of 
sizes } in to 10 in there are not less than 
four trim sizes for each line size valve. 
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COUNT RATE COMPUTER 


nucleonic applications 
The model QS-6 ‘Read-O-Matic’ com- 
recently introduced by 
Atomation Inc, is a true events-per-unit- 
time computer designed for work in- 
volving medium and long time _ base 
intervals in nuclear, electronic, industrial 
and other applications in measurement 
and control. 
Within the wide range of time base 
settings. the computed counting rate will 


puter scaler, 








The ‘Read-O-Matic’ 
can be used for manual or automatic 
sample counting, decay time studies, 
transient radiation analysis and other 
measurements 


computer scaler 


be displayed with the decimal point 
properly placed. The data are also 
available for read-out on an associated 
paper tape printer. Single or repeat- 
cycle counting is provided with adjust- 
able delay times between cycles to 
enable visual or paper tape read-out. 

Provision is made for ratio counting 
in which an unknown count rate may be 
read out as a per cent of a reference or 
standard count rate. A mode selector 
switch is used to select the quotient, 
ratio, preset time, preset count, manual 
count, or scan modes. 
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OXYGEN ANALYSIS 
portable instrument 
Using the same magnetic susceptibility 
measuring cell as the Distillers’ indus- 
trial unit, a portable oxygen analyser 
has now been developed by Servomex 
which can be regarded as an alternative 
to the Orsat apparatus for the determin- 
ation of oxygen anywhere in the range 
0-100% to an accuracy of + 01%. 
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Operation of the DCL101 is simple 
and, as the device is linear, calibration 
at two points is sufficient to standardize 
over the whole scale. The zero is 
highly stable and a check of the span, 
using air as a test gas, is sufficient for 
most normal gases. 

For routine oxygen determination, the 
analyser may be used with static samples 
or with a continuously flowing sample 


at rates up to 150ml/min. The sample 
must be filtered and cooled sufficiently 
to remove condensate but otherwise 
there are few restrictions. The measur- 
ing cell is not in any way affected by 
thermal conductivity or density varia- 
tions. The instrument weighs 18 lb and 
is 13 in long, 8} in wide and 9} in 
high. 
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IN BRIEF 





e Welding electrode holder. For handling 
heavier gauge electrodes at higher amperages, 
Interlas have introduced their new Terrier 
600 special holder. The handle remains cold 
under extreme working conditions, using up 
to °/:, in dia. electrodes at up to 600amp. 
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e Profile polishing. The new model CFT.40 
automatic profile polishing machine of B. O. 
Morris is well suited to regular small run 
work. Its standard table of 40 in 30 in can 
be extended by outrigger sections and a quick 
action jig traverses through its whole length 
against the polishing mop or abrasive band 
attachment. 
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e Water-proof switch. Dowty’s new micro- 
seal switch can operate in temperatures 
ranging from 75° to +70°C. Complete 
sealing is by glass/metal seals interposed 
between the switch tray and terminal block, 
together with a silicone-rubber ‘O’ ring and 
an associated nylon scraper ring in the 
plunger mechanism. 
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e Steel tubing. Where pressures do not 
warrant the use of standard gauge tube, 
British Ermeto are now marketing a light 
gauge nominal bore steel tube with the 
minimum U.T.S. of 20 ton/in*. 
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e Frequency measurement. A new frequency 
and time measuring equipment, type TSA 
3336, from Venner provides for measurement 
of frequency up to 1-1 Mc/s, inverse frequency 
(period), simple counting and time intervals 
in us or larger units. The instrument can be 
reset remotely or locally by manual or auto- 
matic operation. 
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@ Induction heater. The model E9ZS induc 
tion heater of Delapena has been specially 
designed for zone refining. It has a power 
output of 9kW, an input of 20kKVA, with an 
operating frequency of 4 to 5 Mc/s. 
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e Flow counters. A new series of multi- 
purpose geiger-proportional flow counters, the 
FD-1 and the FD-2, are available from 
Tracerlab in 1 in and 2 in sizes. They will 
operate in the geiger region with standard 
G-1 gas or in the proportional region with 
argon-methane, pure methane or natural gas, 
without changing the centre wire. 
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e@ Nucleonic power supply. Hamner’s N-4050 
high voltage power supply for nuclear applica- 


tions gives a positive output of up to 5000V 
at 2mA, adequate for almost any type of 
proportional counter and_ sufficient for 
routine scintillation counting. 
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e Vacuum manometer. Developed at the 
National Engineering Laboratory, N.G.N.’s 
new U-tube vacuum manometer reduces the 
error due to leakage of air into the closed 
limb, compared with other instruments. With 
the same volume of entrapped gas, the reduc- 
tion of error is from 17mmHg to 0-33mmHg 
at 300mmHg. 
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e@ Space heat control. Satchwell’s new TM 
thermostat has been designed to give very 
accurate control in a wide variety of applica- 
tions and for handling currents up to 20amp. 
Control is achieved by a new switch design 
and thermal element incorporating an accele- 
rator heater. 
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e Closed-circuit television. With a dia- 
meter of 3 in and measuring only 9 in from 
lens mount to backplate, EMI's new cylin- 
drical closed-circuit television camera is 
suitable for use wherever space is severely 
restricted. 
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e Neutron shielding. A new ICI develop- 
ment for fast neutron shielding—Boroplast 
—takes the form of plastic granules of 
boronated polythene or nylon surrounded 
by a hydrogenous material. Added to the 
plastic as a carbide or oxide, the boron 
concentration is between 1 to 10%. 
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e Scintillator paint. An improved reflector 
paint for plastic phosphors and other scin- 
tillators has been developed by Nuclear 
Enterprises. It is a water-based emulsion 
containing a special yrade of titanium 
oxide. 
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e Nuclear detectors. A new US organiza- 
tion, the Oak Ridge Technical Enterprises 
Corporation, has announced its first pro- 
ducts. These include high resolution silicon 
surface barrier detectors and stable low- 
noise charge sensitive amplifier systems for 
use with solid state detectors. For the de- 
tection of neutrons, ORTEC has available 
convertor foils coated with either Li-6 or 
B-10. 
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W. A. C. MASKELL 
GEC Communications 


EARL LONG 
Dynamics 


General 





People 


by John Radford 


A RASH of news about travellers seems 
to have broken out in recent weeks. A 
three-man mission from the UKAEA 
has left for Sydney for discussions with 
the Australian Atomic Energy Commis- 
sion on research co-operation. Members 
of the mission are Dr H. Kronberger, 
deputy managing director, reactor 
group; Mr L. Grainger, assistant direc- 
tor, AERE, Harwell and Mr R. C. 
Orford, commercial and overseas mana- 
ger, reactor group. The plan is to 
spend some ten days in Sydney with 
much of the time spent with the Com- 
mission though universities 
will be made. Also travelling is a group 
of leading Japanese nuclear scientists 
They are visiting the USA under the 
auspices of the International Co-opera- 
tion Administration to study the design, 
construction and operation of materials 
testing reactors. The ten-man team will 
visit AEC installations during their two 
month stay. 

Of the individuals on tour recently, 
the most prominent has been the West 
German Atomics Minister, Dr S. Balke. 
He followed on the heels of Sir Roger 
Makins who spent some time in Spain 
visited Spanish 
tions during a seven day visit. His trip 
was in response to an invitation by the 
head of the Spanish Atomic Energy 
Commission who visited West Germany 
last September. Another prominent 
European on tour was Mr Ludwig 
Rosenberg chairman of the Economic 
and Social Committee of the European 
Economic Community and of Euratom 
He spent three days in the Netherlands 
at the invitation of the Dutch Social 


visits to 


recently, and installa- 


90 








A. A. SMALES 
Harwell promotion 


JOHN ROSS 
Research head 





and Economic Council acquainting 
himself with their working methods 
and relations with industry. 


Following the appointment of Dr R. 
Spence as deputy director of the Atomic 
Energy Establishment, Harwell, Dr W. 
Wild has been promoted to head of the 
chemistry division. He is responsible 
for the scientific work of three branches: 
chemical processing and_ reactor 
chemistry; radiation chemistry and solid 
state chemistry, and radiochemistry. Dr 
Wild collaborated with Dr Spence in 
various gas kinetic and photochemical 
studies at Leeds University from 1931. 
In 1947, he joined the chemistry divi- 
sion at AERE as head of the radiation 
chemistry group, gaining a_ senior 
appointment in 1949. Later he became 
head of the radiation and solid state 
chemistry branch of the division. 


W. WILD 
Chemistry head 


E. C. RIPPON 


Parsons director 


Another appointment as a director 
is that of Mr E. C. Rippon who has 
been co-opted to the board of C. A. 
Parsons & Co. Ltd. Formerly the firm’s 
chief transformer engineer, Mr Rippon, 








has in the past year, been engage! in 
matters relating to the organizatio: of 
design and production throughou: the 
firm’s works. For a number of jy ars, 
he has represented British interest. on 
international technical committees in 
the field of transformer engineeri 


One of America’s leading autho: ties 
on low-temperature physics, Dr Ear’ A. 
Long, recently joined the Ge eral 
Atomic Division of General Dynarics 
He is assistant director of the John Jay 
Hopkins Pure and 
Applied Science. Dr Long was fornierly 
professor of chemistry at the University 
of Chicago and director of the Un ver- 
sity’s Institute for the Study of Metals 
For several years he has been a consul- 
tant at General Atomic on reactor core 
and development 
Earlier, Dr Long was assistant director 
of the Los Alamos Scientific Laboratory 
and had served as a consultant to the 


Laboratory for 


materials research 


Atomic Energy Commission. 


The new managing director of the 
General Electric Company’s Telecom- 
munications Group at Coventry is Mr 
W. A. C. Maskell, general manager of 
the group since October 1959. During 
his 36 years service with the GEC, Mr 
Maskell has been chief engineer Radio 
Sales Service organisation (1935), deputy 
manager of the Radio Department 
(1946) and general manager of the 
Radio Works (1951). 


Another appointment at Harwell is 
that of Mr. A. A. Smales who as head 
of the analytical chemistry branch, has 
been given the status of division head 
and will be directly responsible to the 
director AERE for the scientific work 
under his control. A London University 
graduate, Mr. Smales was sent to Oak 
Ridge during the war to assist in solv- 
ing urgent analytical problems en- 
countered in the electro-magnetic separa- 
tion plant. He returned to his post 
with ICI at Billingham in 1945 and 
two years later joined AERE at Harwell 


Responsible for research and develop- 
ment for Metals & Controls Incor- 
porated’s Nuclear Products group, said 
largest manufacturer 
of fuel elements, is Dr John Ross. He 
has been named as manager of research 
and development and will also be head- 
ing the division’s General Plate Products 
group, fabricators of clad metal pro- 
ducts and the Spencer Products group 
manufacturers of electrical and thermo- 
static controls. Dr Ross has a Ph.D in 
Physical Chemistry and worked at the 
Ames Laboratory of the Atomic Energy 
Commission. 


to be America’s 


Robert Carter-Pedler is the new sales 
manager of Photoelectronics (MOM) Ltd 
of Surrey. 
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INSPECTION TIME 
TO MINUTES 


... for thick steel sections 






























and solid-propellent 


rocket motors 
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+b 
rue > . 8-million-electron-volt linear accelerator under 
construction for atomic and process equipment division, A. O. 
Smith Corp., generates 6000 roentgens per minute at one meter 
— will radiograph 11 inches of steel in one minute (18 inches in 


less than an hour) at a standard nine-foot distance. 


For the first time, radiographers can select — from High Voltage’s complete 
line of supervoltage and high energy x-ray generators — the specific x-ray 
source of greatest effectiveness for high-speed, precise radiographic examina- 
tion of thick sections, complex assemblies and special materials encotintered 
in nuclear and defense industries. 

Standard High Voltage equipments range from 1 and 2-Mev Van de 
Graaffs — providing constant-potential, point-source x-rays — to variable- 
energy 5-15 Mev linear accelerator x-ray generators with outputs of thou- 
sands of roentgens per minute at one meter. 


Reliability from experience with over 250 accelerators in the field 


HIGH VOLTAGE ENGINEERING corporation 


Burlington, Mass., U.S.A. 

Affiliates: APPLIED RADIATION CORPORATION 

HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 
HIGH VOLTAGE SERVICING CO., LTD., LONDON 
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GROUNDWORK—Processes 


Reprocessing reactor fuel elements 


In this issue Mr. Llewelyn and Mr 
Allardice describe the experience gained 
over 30 months in the operation of a 
chemical plant at Dounreay. Whilst the 
plant is used for the reprocessing of 
enriched fuel elements, many of the func- 
tions performed are typical and follow the 
steps described below. 

For the economic operation of the 
nuclear power programme, irradiated fuel 
elements are processed not only to recover 
the valuable unused U-235, and the Pu-239 
that has formed, but also to free them from 
fission products contamination. Various 
methods for the treatment of irradiated 
fuels have been tried and they follow in 
general the familiar types of ordinary 
chemical processing. Because of the very 
small concentrations of substances being 
handled in fuel element reprocessing, how- 
ever, much smaller than those generally 
processed, normal procedures have to be 
modified. 

Although several types of precipitation 
reactions have been used—the bismuth 
phosphate process in particular—and ion 
exchangers have had their application for 
laboratory scale separations, for separation 
on a production scale the methods cur- 
rently used are those based on solvent 
extraction techniques. The oldest estab- 
lished processes use hexone (Hanford) or 
butex (Windscale) but a more economical 
solvent—tributyl phosphate—has now been 
introduced at Windscale; it is relatively 
more stable towards fairly strong nitric 
acid solutions. 

Before the chemical separation processes 
can be started, the fuel elements are first 
left in water sufficiently to permit the decay 
of short lived fission products—particularly 
iodine and U-237—and then stripped of 
their metal cans by remote handling 
methods. They are then dissolved in strong 
nitric acid to produce a uranyl nitrate 
solution. Acid economy is effected by 
using the ‘fumeless dissolving’ process: 
2U +4HNO, +30,—+2U0,(NO;), +2 H,O. 
The efficiency and number of subsequent 
extraction stages depend upon the inter- 
action and balance of the two phases 


aqueous strip» — 


an 
aqueous sirip _ aqueous strip—— 





aqueous and organic. Relative densities are 
critical, and the greater the difference the 
more rapidly will the phases tend to 
separate. 

In the initial cycle the uranyl nitrate 
solution, suitably diluted, is fed into the 
first of a series of extraction columns. 
After mixing the feed solution with the 
TBP and allowing the phases to separate, 
the uranium and plutonium transfer into 
an organic phase whilst the bulk of the 
fission products activity remains in the 
aqueous phase and is discharged to under- 
ground tanks. Before passing on to the 
second extractor, dissolved nitric acid in 
the organic phase is neutralized and the 
plutonium contained in it reduced to the 
trivalent state by ferrous sulphumate. 
Introduction of a dilute nitric acid stream 
backwashes the plutonium from the organic 
solvent, leaving the uranium behind. 

The main uranium stream, now sub- 
stantially free of plutonium and _ fission 
products, undergoes a further purification 
cycle to remove the last traces. Any 
plutonium left behind is efficiently removed 
by a ferrous sulphamate strip and a final 
pure uranyl nitrate solution is obtained by 
back-washing with very dilute acid. After 
evaporation, it is continuously denitrated 
at elevated temperature to yield a form 
suitable for handling. 

Meanwhile, the trivalent plutonium in 
aqueous solution, containing an excess of 
ferrous sulphamate, is re-oxidized with 
sodium nitrite to the tetravalent form and 
then extracted into the organic phase, 
giving a further decontamination from 
fission-product activity. In the final treat- 
ment the plutonium is recovered in dilute 
acid and then concentrated by evaporation 
before going to the purification plant. 
Acknowledgement 


Acknowledgement to Messrs Newnes Ltd. for the use 
of the schematic diagram from Dawson and Long’s 
‘Chemistry of nuclear power’. 


NEWS 


Progress in the USA Nearly £m6 in 
grants have been made since 1956 to US 
educational establishments by the AEC, 
mostly for reactor technology pro- 
grammes. The future programme up to 
1964 makes no allowance for further 
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teaching reactors but intends to con: :n- 
trate on equipment for colleges of rts 
and sciences and engineering colleg« 

The Triga reactor to be installec at 
Columbia University, the first to ope ate 
in New York City, has been purch: sed 
from a National Science Foundation 
grant of $247,000. Meanwhile, an AEC 
grant of $34,700 to the Georgia Insti:ute 
of Technology allows the purchase of 
fuel elements, flux converters and an 
antimony-beryllium _ start-up _ neutron 
source, for use in the heavy water re- 
actor scheduled for operation by ate 
1962. 4-1kg U-235 and 8-7 tons of 1,0 
will be loaned without charge. : 

The Pennsylvania State University 
have received their 4MW pool-type re- 
actor as a gift from Curtiss-Wright, the 
latter having previously operated it at 
their own Research and Development 
Centre. The gift also includes hot cells 
and other facilities. 

In the accelerator field, a 2MeV High 
Voltage Van de Graaff has recently been 
installed at the University of Georgia 
where the research programme plans to 
cover studies on neytron polarization, 
neutron inelastic scattering, and (n,2n), 
(n.p), and (n.e). A three-stage tandem 
Van de Graaff 17-SMeV accelerator, and 
a separate 4MeV High Voltage unit, are 
to be installed at the new science- 
engineering centre at Texas University. 
Together with related instrumentation 
the total cost will be $M1-°8. 


e Suitable for laboratory groups of 30 
students preparing their own samples, 
measuring radioactivity and interpreting 
the results, 23 experiments are detailed in 
a new 184 page manual ‘ Radioisotope 
experiments for the Chemistry Curriculum ’ 
from Nuclear-Chicago. 


FILMS 


e The Dounreay fast reactor. 4 reels, 37 
minutes (UKAEA) 

e The Dounreay project. 2 reels, 25 minutes. 
(UKAEA) 

e Chapelcross. 2 reels, 20 minutes (in 
colour). (UKAEA) 3 reels, 31 minutes 
(in colour). 

e@ Operating a Calder Hall reactor—refuel- 
ling. (UKAEA) 

e@ Operating a Calder Hall reactor—fill 
power. 2 reels, 20 minutes (in colour). 
(UKAEA) 

e Steel for nuclear power. 2 reels, 18 
minutes (in colour). (UKAEA) 

All the above films are available in 
35 mm or 16 mm on free loan from either 
the UKAEA (Risley or London) or the 
Central Film Library, COI, London, W.3 


UK COURSES 


Imperial College, London Summer 
School in Health Physics (Radiation 
Protection). July 3-14. Fee £26 5s 

Borough Polytechnic, London Course 
on the Design, Use and Maintenance 
of Electronic Instruments in Nuclear 
Physics. June 26-July 7. Fee: £5 
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Suppose for a moment that you are a wayleave officer working for the Central Electricity Generating 
Board. Your job is to plot a line bringing new power to an expanding town in the valley over the hill. 
Where do you go from here? : The easiest and cheapest way would be up and across the crest 
f the hill. But the people in the valley (and the people visiting the valley) will take rather a poor view 
f that. By-pass the ridge and march down the valley itself? That would involve a three-mile detour, extra 
expense, and some unsightly angle towers. Bury the cables underground? An attractive idea but an 
npossibly expensive one, which could raise installation costs 17 times—with inevitable repercussions 
n the cost of electricity. # There is no easy solution. But one must and will be found... one that 
fulfils the double duty which, by Act of Parliament, rests on the CEGB: to provide an efficient and 
economical electricity supply, while doing everything possible to 
preserve the natural amenities of the countryside. # Please 
think of this next time you grumble at the towers: they are being 

wrefully planned by men who value the countryside as much 

you do. 


@ These advertisements are appearing in the farming and country magazines. The 
Central Electricity Generating Board thank electrical contractors for their co-operation 
in the past, and know that they will do all they can to preserve the amenities of the 
countryside. 


Write for a copy of “ Preserving Amenities” to 
The Central Electricity Generating Board, 83 Winsley Street, London, W.1 





NUCLEAR POWER June 1961 93 





Diary 





19 MAY—4 JUNE = 
British Trade Fair and Exhibition, Moscow 


23 MAY 
Annual general meeting Society of Instru- 
ment Technology 

29 MAY—2 JUNE 
Conference on property changes in reactor 
materials and radiation damage, Bristol. 
Details, Central Electricity Generating 
Board, Berkeley Nuclear Laboratories, 
7 St. Stephen’s Avenue, Bristol, 

30 MAY-—2 JUNE 
Radio and Electronic Components Show, 
Olympia, London 

12-15 yUNE 
British Electrical Power Convention, East- 
bourne, Enquiries, Secretariat, BEPC, 
Wimsley Street, London, W1 

12-17 JUNE 
Electronic engineering conference on com- 
ponents and materials, Central Hall, 
London, SWI. Details, Institution of 
Electrical Engineers, Savoy Place, Victoria 
Embankment, London, WC2 


15-24 JUNE 
International construction equipment exhi- 
bition, Crystal Palace, London 


19-22 JUNE 
Summer meeting, Institution of Mecha- 
nical Engineers, Glasgow. Details. 1 
a Walk, St. James’s Park, London, 


19-22 JUNE 
Laboratory apparatus and materials exhi- 
bition, Royal Horticultural Society New 
Hall, Westminster. Enquiries, UTP Exhi- 
> Ltd, 9 Gough Square, London, 
C4 


19-23 JUNE 
International instrument show, 4 Tilney 
he London, Wi (B & K Laboratories 
td) 


21 JUNE—1 JULY 
Sixth International Plastics exhibition and 
convention, Olympia, London 

20-26 JUNE 
rhird congress, European Federation of 
Chemical Engineering, Olympia. Enquiries, 
Institution of Chemical Engineers, 16 
Belgrave Square, London, S.W.1. 


OVERSEAS 


29 MAY-2 JUNE 
IAEA symposium on the effects of ionising 
radiation at a molecular level, Brno, Czecho- 
slovakia 

29-31 MAY 
44th annual meeting, Chemical Society of 
Canada, Ottawa. Details, Chemical Insti- 
tute of Canada, 18 Rideau Street, Ottawa 


1—3 JUNE 
Second International Powder Metallurgy 
Conference, Eisenach, Germany. Details, 
Dr F. Thummler, Zentralinstitut fur 
Kernphysik, Rossendorf bei Dresden, 
Germany 
1—15 JUNE 
International medical-surgical meetings 
including second international meeting on 
nuclear medicine, Turin, Italy. Details, 
chairman, International Medical-Surgical 
Meetings, Palazzo Minerva Medica, Costa 
Bramante 83, Turin 


8—4 JUNE 
Annual meeting, American Nuclear Society, 
Pittsburgh 

6-8 JUNE 
Instrument-Automation conference, Toronto. 
Details, Executive Director, Instrument 
Society of America, 313 Sixth Avenue, 
Pittsburgh 22 

5—9 JUNE 
IAEA symposium on the effects of 
ionizing radiation on the nervous system, 
Vienna 

5-10 JUNE 
Ninth International conference on spec- 
troscopy, Lyons, France. Details, Groupe- 
ment pour l’Advancement des Methodes 
Spectrographiques, 1 Rue Gaston-Boissier, 
Paris, 15e 





9-11 JUNE 
Congress on radiology, Budapest, | .n- 
gary. Details, Dr S. B. Szebok, chair an 
of the organizing committee, Ullot wt 78. 
Budapest 


9-17 JUNE 
European convention on chemical engin er- 
ing, Frankfurt. Details, Dr Bretschne’ er. 
Deutsche Gesellschaft fiir chem. Appar ‘te- 
wesen e. V., Dechema Haus, Frank) :rt 
Main, Rheingau-Allee 25 


12-15 JUNE 
International conference on Physics of 
electronic and atomic collisions, Bou! er, 
Colorado. Details, B. Bederson, New Y ork 
University, New York 53 


12-16 JUNE 
The technical writer and his relations to 
the expanding uses of communicati ns 
in modern industry and government. 
Troy, New York. Details, Professor J. R 
Gould, Rensselear Polytechnic Institute, 
Troy, New York 


13-16 JUNE 
IAEA symposium, Whole body counting, 
Vienna 
International gas chromatography sympo- 
sium, Michigan State University. Details, 
Meetings Manager, Instrument Society of 
America, 313 Sixth Avenue, Pittsburgh 22 


13-17 JUNE : ; 
Annual meeting, Society of Nuclear Medi- 
cine, Pittsburgh 


15-29 JUNE 
Eighth international nuclear congress and 
exhibition on electronics and atomic ener y 
Rome. Enquiries, Fairs & Exhibitions Ltd 
2 Dunraven Street, London, W1 


19-24 JUNE 
International meeting on heat transfer. 
Paris, France. Details, Institut francais 
des Combustibles et de lEnergie, 7 rue 
la Perouse, Paris 16e, France 


21-24 JUNE 
Fourth international Light Metals congress, 
Leoben, Austria. Details, Montanistische, 
Hochschule, Leoben, Styria, Austria. 








Industrial 
Literature 











Remote handling. Manipulator - equipped 
vehicle systems for remote handling opera- 
tions have a wide variety of applications, 
additional to nuclear use. A new booklet 
from General Mills discusses equipment and 
applications in situations involving explosive, 
radioactive, toxic and other hostile environ- 
ments 


*% 250 


Protective coating. The properties of Ever- 
shield’s liquid tile are described in Acalor’s 
recent leaflet. A thermal setting resin, applied 
as a liquid, it bakes itself into a vitreous hard 
surface within 1-4 hours. It is resistant to 
radiation and can easily be decontaminated. 


*% 251 


Steel research. The first issue of an English 
edition of ‘Uddeholmaren’, the journal of 
the Swedish firm Uddeholm, has _ been 
published. One article of interest covers 
research and development associated with 
the company’s products. 


*% 252 


Electrical measurements. The December 
number of ‘Engelhard’s Technical Bulletin’ 


94 


explains the working principles of the 
company’s range of functional, portable 
instruments that measure d.c. and a.c. 
currents and voltages over extremely wide 
ranges of magnitude and frequency. 


* 253 


Nuclear aircraft propulsion. In a_ recent 
R.Ae.S. lecture, Professor Baxter presented 
ideas indicating possible trends in future 
nuclear aero engine design. A condensed 
version is published in the April issue of 
the ‘de Havilland Gazette’. 

* 254 


Solid state technology. In the ‘Westinghouse 
Engineer’ for March, the value of solid- 
state device technologies is discussed, par- 
ticularly the trend towards the integration 
of circuit functions into functional blocks. 


%& 255 


Silicon nitride. The properties of ‘Unamic’ 
ceramics and their many potential uses in 
nuclear engineering and other fields are out- 
lined in Union Carbide’s ‘Alloys and Metals 
Review’. 


%& 256 


Transistor data. Information on some 3000 
transistors from 90 manufacturers and 
distributors in the UK and overseas is 
included in an Avo manual published at 


Wo«< 


%& 257 


Variable-speed pumps. In the design of 
pumping installations, the trend is increas- 
ingly towards fully automatic operation. 


The March issue of the ‘L.S.E. Engineering 
Bulletin’ contains a detailed examination of 
the problems involved under the headings 
choice of driving motor, automatic control 
principles, multi-motor systems, booster 
pumps and the recirculation flow control 


system. 

% 258 
Epicyclic gears. The use of epicyclic gears 
for high-speed, high-powered and _high- 
torque applications has increased during 
the last ten years, according to an article 
in the March issue of the ‘Allen Engineer- 
ing Review’. A _ progress survey is made 
and mechanical design features = are 


examined. 
*% 259 


Induction heat treatment. The first article 
of a series on the Efco high frequency 
heat treatment service, which appears in 
the February number of the ‘Efco Journal’. 
covers generating plant, shop layout and 
work handling fixtures. 

% 260 


Creep machines. A range of creep and 
rupture testing machines, previously manu- 
factured for special requirements, are 
described in a recent Nash and Thompson 
leaflet. 


* 261 





¥%& For further information on any item, circle 
the appropriate number on the reply card 
facing page 106 
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The demand for metals 

/ with more and still more 
/ exceptional properties is i 
; nowhere more clearly seen 
than in nuclear engineering. 
+ ICI Metals Division, 
leading manufacturer of 
new metals, is already 
supplying aluminium and 
magnesium alloys, 
hafnium, niobium, 
titanium, vanadium 

and zirconium. Now it is 
producing, in the first plant 
of its kind in Europe, 
*wrought beryllium 

for the Windscale 

AGR Programme. 

ICI Metals Division has 
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been associated with i 
nuclear engineering from i 
the start. No organisation 
has done more towards ' 


solving the challenging 
metallurgical problems ‘ 
presented at every stage of | j 
development. | 


FIRST IN 
a NUCLEAR METALS 


DIVISION IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON SW1 
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© Book Roviews 


Nuclear power tech- 

° 
niques 
This textbook in German, * Nuclear Energy 
Techniques * is designed as an introduction 
to the physics and engineering technology 
involved in the production of power from 
nuclear energy. 

It is noteworthy for its wealth of clearly 
presented figures, graphs and_ statistics 
though it devotes more space to some 
reactor concepts than one would have 
thought warranted—the bismuth liquid 
metal fuel reactor, for instance, for which 
there is probably nothing like enough cheap 
bismuth in the world. Yet Calder Hall is 
given a scant two pages and the later 
magnox stations a bare mention. But 12 
pages list the characteristics of homo- 
geneous reactors, which may remain just 
a possibility. 

The work contains a large amount of 
detail on ship propulsion units but the 
major approaches to controlled thermo- 
nuclear fusion are only briefly dealt with. 


On the whole, the book should be a 
useful source of reference for the nuclear 
engineering student, provided he obtains 
information elsewhere on the well-tried gas- 
cooled reactor, of which more than 20 are 
being built—many more than any other 
type. E.S. 


Kernenergie-Tecknik by H. Engel and 
K. O. Thielheim. Verlag Modern Industrie, 
Munich, 1960. 300 pp. Price DM36. 


*% 262 


More information on 
nuclear materials 


This is an encyclopaedic volume of more 
than 1200 pages and does not bear much 
resemblance to the first edition of about 
seven years ago. The older edition was a 
compilation of limited usefulness because it 
represented only a small part of the 
knowledge available in secret files on the 
topics dealt with. Shortly after its issue the 


first Geneva Conference took place « d, 
with it, a greatly relaxed attitude tows ds 
the ‘* Classification” of data. This © >w 
edition reflects not only the relaxatio: of 
secrecy restrictions but also the vast in- 
creases in knowledge of nuclear mater ils 
over the past few years. This chang: is 
set in perspective when it is realised * at 
in the first edition no significant data co. ld 
be published on the irradiation behav: -ur 
of materials—a situation created partly by 
secrecy and partly by ignorance. 

There are about 130 contributors and II, 
except one, are from the US. Their material 
is arranged in fifty-three separate articles 
under the headings: General, Fuel, Cladding 
and Structural, Control, Moderator, Cool- 
ant and Shielding Materials. The reviewer 
therefore looked forward with pleasure to 
a lengthy session with the book and, 
because it would be impossible in the time 
available to read all of the 1200 pages, a 
few topics were chosen for critical appraisal. 
The result of this sampling was disappoint- 
ing and the conclusion’ could not be 
avoided that the good quality of binding 
and printing of the book obscured an 
essential shoddiness of writing and editing. 

Let us look at the evidence for this. 
The reviewer first of all looked hopefully 
for something good on the irradiation 
behaviour of uranium. First to the index 
there to find that ‘Swelling’ is absent 
(although it was later found to be the 
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Editor. Je F. Coales 


1,000 pages per volume. 


READY SEPTEMBER 1961 


AUTOMATIC AND REMOTE GONTROL 


Proceedings of the First International Congress of the 
International Federation of Automatic Control (IFAC) 


MOSCOW, 1960 


A. T. Fuller 


Volumes 1 and 2—Theory and Special Problems. 
Components. Volume 4—Industrial Application. Approximately 
Approximate price £10 per volume. 


These volumes, which are expected to be published in September 1961, contain the papers read at the first Inter- 
national IFAC Conference (Moscow, 1960) together with the ensuing discussions. The Russian papers have 
been translated into English and are published in full. 
countries and are divided into three principal sections. |—Theory. 2—Components. 3—Applications. 
The first section contains papers dealing with the present 
systems, the theory of structures, stochastic and special mathematical problems of automatic control. In the 
second section the papers are devoted to the theory and practical work of designing electric, magnetic and 
pneumatic elements of control systems, programming and computing devices, controlling computers and systems 
of automatic control. The final section deals with design principles and the practical industrial application 
of automization in machine-building, metallurgical and chemical industries amongst others. 


BUTTERWORTHS, 4-5 BELL YARD, LONDON, WGC2 





Co-editors: dé. R. Ragazzini an 


The papers reflect the most recent work in many 


state of the theory of continuous and discrete 
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A revolutionary development in 


SURFACE HEATING 


Hotfoil Flat-Element Heating Tapes introduce a new conception of heat transfer efficiency. Loadings 












more than twice those obtained with round-wire conductors are achieved through the use of metal foil 
elements insulated with high temperature plastic material and woven glass. 

Hotfoil Tapes provide a most effective method of compensating for heat losses in pipe lines and 
raising temperatures in tanks or vessels containing almost any fluid. They can also be used for 

















’ 
protecting steam and water pipes against frost. 
Robust yet flexible, Hotfoil Tapes have an infinite variety of other applications in industry. 
| : : 
— ‘ : ‘ 2 OP ON WS oe ca) i ee 
Write today for illustrated technical brochure. f eaten 
: Please send a copy of Hotfoil technical brochure 
I NAME 
; ADDRESS 
A member of the Deritend Group of Companies ME.I.I. 
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Book Reviews 





heading of at least two sections). Diligence, 
however, led one to a page or two on 
irradiation effects in uranium. Diligence 
was less rewarded when looking for some 
unequivocal statement about the behaviour 
of a single crystal of «-uranium when 
irradiated—an essential key to the whole 
story. It was perhaps interesting, though 
hardly essential, to find from this search 
that a single high temperature test costs 
$100,000! After some half dozen pages 
dealing with many physical and mechanical 
properties (1331-39) we find from the 
headings that we are to learn about radia- 
tion damage hypotheses, Implications of 
irradiation damage, and Fission product 
effects, in that order. Bewildered by this 
apparently topsyturvy ordering of subject 
matter it was not surprising to find that 
the headings continued with Dimensional 
Instability, Thermal Cycling and Mecha- 
nisms of Growth. Perhaps, Chinese fashion, 
this chapter was meant to be read back- 
wards, but as it stands, itcannot conceivably 
be thought to be up to final year under- 
graduate standard. The, by now dejected, 
reviewer proceeded hoping to be enlightened 
about uranium alloys. Well, he was in a 
way, because it was here (p. 191) in a 
chapter on alloys (headed * Swelling ’— 
see above) that he found that unalloyed 
uranium changes density on irradiation 
due to fission gas. This was the sort of 
information looked for earlier (and surely 
appropriate to the previous chapter), but 
it was somewhat irritating to find that the 
supporting numerical data, supposed to 
have originated in the UK, was given no 
reference—the irritation here was caused 
by the serious doubt the reviewer had of the 
accuracy of the statement, and there was 
nowhere to turn for confirmation or refuta- 
tion. 

Pressing further on to find enlighten- 
ment about irradiation behaviour, we 
thought we would chase the story on 
uranium-molybdenum alloys. Here was 
material to be harvested—yes, we find that 
gamma _ stabilized uranium: molybdenum 
alloys undergo only minor swelling even 
at such a high temperature as 600°C. 
Let us now ask the question why. Alas, 
the reader will probably have to look 
beyond these 1200 pages for an attempted 
answer, because this reviewer could find 
no discussion of this question. Shortage 
of space can be no excuse because nearly 
two pages (180-181) are devoted to almost 
indigestible tables of mechanical properties 
of these alloys. 

The difficulties of explaining irradiation 
behaviour may have dimmed the wit of 
authors and detracted from an accustomed 
lucidity of exposition which would be 
recovered on some more familiar topic. 
Turn then to magnesium, perhaps to 
discover features for gentle praise. However, 
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more cause for raised eyebrows—Magnox 
can contain up to 0-4% Calcium (Table 
24.1). This sent your reviewer post-haste 
to see how this stuff would weld. Certainly 
there is a section on welding (p. 599) from 
which we discover by implication that 
there are no major difficulties, no flux is 
required with the gas shielded arc and a 
few other trite niceties of detail are set 
out. Your reviewer was left wondering 
why there had been all the bother about 
Magnox compositions and why _ had 
UKAEA made so much fuss about welding. 
National pride had a final deflation on 
being told that ‘ One of the most probable 
(reviewer's italics) applications of magnes- 
ium in a reactor is based on its lack of 
solubility in uranium ’ (p. 601). True enough 
about the solubility but ‘ probable’ in- 
deed. 

This handbook contains much data 
but it does not seem to have had the critical 
care and attention in its preparation which 
a book of this pretentiousness requires 
and which the user must be able to rely 
upon if he is to get value for money. 

J. G. Ball 


Reactor handbook, 2nd edition, 4 volumes. 
Vol. |: Materials, edited by C. R. Tipton. 
Interscience, New York & London, 1960. 
1200 pp. Price £13. 

*%& 264 


First treatment of 
pion physics 

This volume is the first to be devoted to 
topics in the field of high energy nuclear 
physics as practised with particle accele- 
rating machines, but the treatment is 
quite specific and limited to pion physics. 
Pions, or z-mesons as they were origin- 
ally called, were first discovered in cosmic 
ray studies by Professor Powell and his 
colleagues in 1947, some years after their 
existence had been postulated on theo- 
retical grounds by Yukawa. Most of the 
work since then, to study their properties 
and their role in nuclear forces, has 
been carried out with the help of cyclo- 
trons and synchrotrons in laboratories in 
the US and in Europe, including the 
Dubna laboratory in Russia. It is the 
purpose of this monograph to review 
and discuss the experimental and theo- 
retical work in this field, and Dr, Lock 
has done this admirably. Although the 
book is addressed mainly to experimen- 
tal physicists and post-graduate students 
working in the field, it is hoped that 
final year honours undergraduates in 
physics might also be persuaded to read 
it, since it contains much that is per- 
tinent to our ‘modern physics’ in the 
last decade. 

To keep the size of the book within 
reasonable limits, the author has, in my 
opinion, rightly omitted the subjects of 
high energy electron scattering and 
strange particle physics. The book is 


written in a style that is easy for rea 
It forms a comprehensive review o! 
subject and, at the end of each cha 
further reading is suggested in adeq 
bibliographies and references. 

W. Galb, 
High Energy Nuclear Physics by W 


Lock, Methuen, London, 1960, 190 
Price 18s. 


New Books 





@ Progress in nuclear energy, series | 
Technology, engineering and safety, vol 
3 edited by C. M. Nicholls Pergan 
London 1960 448 pp Price £5 5s 

* 266 


@ Eléments de physique nucléaire by D. 
Blanc and G. Ambrosino Masson, Paris 
1960 238 pp Price NF30 

*% 267 


@ Nuclear reactor containment buildings 
and pressure vessels Royal College of 
Science and Technology, Glasgow—Sym- 
posium 1960 Butterworths, London 1960 
572 pp. Price £5 

*% 268 


@ Elementary introduction to nuclear reac- 
tor physics by S. E. Liverhaut Wiley, 
London & New York 1960 447 pp Price 
78s 


*% 269 


@ Selected papers on stress analysis Delft 
Conference 1959 Chapman & Hall, London; 
Reinhold, New York 1961 114 pp Price 
50s 

%* 270 


@ Directory of nuclear reactors Vol 3- 
Research, test and experimental reactors, 
Suppl. to Vol. 2 IAEA, Vienna 1960 354 
pp Price 24s. 

* 271 


of electronics by Harley 
Newnes, London 1960 377 pp 


@ Dictionary 

Carter 

Price 35s 
* 272 


@ Soviet technology digest new monthly 
journal Pergamon, London First issue 
December 1960 annual subscription £10 

%*% 273 


@ Introduction to modern physics by C. H. 
Blanchard ind others Pitman, London 1960 
420 pp Price 37s 6d 

% 274 


@ Kempe’s Engineers Year-Book 1961 
Morgan, London 2 Volumes Price 87s 6d 


* 275 


@ Russian for the scientist by J. and L. B. 
Turkevich Van Nostrand, New York and 
London 1959 255 pp Price 25s 

* 276 


@ The fundamental atomic constants by 
J. H. Sanders Oxford University Press 1961 
88 pp Price 10s 

% 277 


@ The chemical industry in Europe 1959- 
1960 OEEC, Paris 1961 221 pp Price 17s 6d 
*% 278 
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shell achievement 


One of Shell’s recent achievements in Industrial 
Lubrication has been to reduce the risk of skin trouble 
for machine operators. Until the new Shell Dromus 
range, most modern soluble cutting oils contained 
phenolic compounds, which can cause skin irritation. 
They were used as coupling agents between the actual 
oil and the emulsifier. On high-speed machines, especi- 


ally, the water evaporates and the emulsion concen- 
trates. And that’s when the trouble can start. Shell 
scientists found a better coupling agent, and 
made it work. And now, at no extra cost, 
management can reduce working risks for 

their staff. Write for the book, ‘Selecting Your 

Cutting Oils’ ,toShell-Mex House, London, W.C.2. Se 


SHELL INDUSTRIAL OILS 
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— the Stamp of experience which is on all Atomic Energy Equipment manufactured by 

Graviner. We can make almost anything in this rather new sphere of activity, whether it be a lead- 

filled shielded container, a Thulium storage magazine, a magnet for neutron beam focusing or a 20 

con mobile cell unit with viewing windows and handling equipment. We specialise too, in the 

machining of graphite. Indeed, with the recent addition of 12,500 square feet: of factory space 

we can deal with anything from the making of a tiny graphite spring 

to a Reflector for a Reactor —all under controlled clean conditions. 

If therefore you have a Development or Production problem, our Nuclear ee yAN 

Energy Division will be very pleased to help you. Won’t you pay a visit to : 


the Gosport Factory and see what we can do? ; ; : 
| Contractors to The Atomic Energy futhority 
cA A 


FAREHAM ROAD - GOSPORT - HANTS - Telephone Fareham 2511 


Also specialists in Airborne, Diesel Engine and Industrial Fire and Explosion Protection, Thermostats and Overheat Switches 





THE KEY NAME T0 
BETTER STEELS 


— and certainly the key to your 
requirements — for Carlisles have 
almost 40 years experience of 
supplying Stainless Steels 
wherever quality is the key word. 


C. G. CARLISLE & Co., LIMITED 


1ONA STEEL WORKS, PENISTONE ROAD, SHEFFIELD Telephone 348791 
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AVO INSTRUMENTS 


Made within the shadow of Big Ben, 
AVO instruments enjoy a reputation 
for reliability which, like the chimes 
of this famous Tower, reaches the 
farthest corners of the world. 


cn AO “ine ‘ie 
bbb Ui D.C. Amplifiers 


ay Radiation Monitors 
Valve Voltmeters 
Multi-range Testmeters 


Valve Testers 
PTILIMID FIC ae CAE RIDING 


Regd. Trade Mark 


PLILIM ILM CAI COMTI PRTTITO IT 


af * 


ect 


Seanad 


?- 


FAW 4 ( ETD AVOCET HOUSE ~- 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.! 


Telephone: ViCtoria 3404 (12 lines) Cables: Avocet, Sowest, London 
A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 
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HEATING UNIT fora 
HIGH TEMPERATURE 
VACUUM FURNACE with a 
Tungsten Rod Heating Element 


mounted on the Inner Molybdenum 
Radiation Screen 


For temperatures up to 1,700° C. 


MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM ~- ESSEX - Telephone: Rainham, Essex 3322 
Telex : 28632 Telegrams : Murex, Rainham-Dagenham Telex 

London Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.!I EUSton 8265 








of wire-wound 
vt SIN yf 


components 
IMPREGNATION P 
under vacuum 


N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermastatic control of vessels and 
pipework, plus full bore*resin transfer valve, all combine 
to speed output while reducing costs. 





Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 Ibs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS. Tel: Accrington 35611-2 
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fl 
Stainless 


Steel 
Forgings 





ne ca 





serving Atomic Energy, Aircraft and Oil industries 


Manufactured to any British or U.S.A. Standard Specification 
Supplied as Forgings only or Fully Machined in Modern 
Machine Shops on approved lists of A.I.D., A.R.B. and LLOYDS. 


William Oxley 
& Co, Ltd. 


PARKGATE STEEL WORKS - ROTHERHAM 
telephone Rotherham : 5238 
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There is NO substitute for 


KING DICK 
quality 


Every KING DICK tool is made from high quality Chrome Vanadium 
Steel and subjected to constant inspection routines. On left: The King 
Dick BULLDOG adjustable spanner has no equal. Sizes from 4” to 18”. 


BRITISH 


ABINGDON KING DICK LTD, Abingdon Works, Kings Road, Tyseley, Birmingham || 








HYDRAULIC 
PLATE CURVING PRESS 


The press is made with dies varying from 3’ to 8’ long, 
but it will progressively curve plate edges of any length 
prior to rolling. The frame is of all welded steel construc- 
tion and has two or more upstroking rams and cylinders. 
These presses can be made to work from an existing 
hydraulic supply or supplied with electrically driven 
self-contained pumps. 


We also manufacture: 


High Pressure Hydraulic Plant for Shipyards, 
and Railway Workshops, Straightening 
Presses, Plate Bending Rolls, Punching and 
Shearing Machines, Continuous Finishing 
Presses for Silks and Rayons, Veneer and 
Plywood Presses, Cotton Baling Presses, Die 
Spotting Presses, Pumps, Accumulators, 
Valves and Intensifiers. 


HENRY BERRY & CO. rape 











TEL: LEEDS 75481-2 GRAMS: mane LEEDS 10” 
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FOSTER WHEELER LIMITED 


FOSTER WHEELER HOUSE, CHAPEL STREET, LONDON NW1. Telephone: PADdington 1221 


NUCLEAR POWER 


June 


1961 


Heat transfer Fluid flow and other kindred problems involved in 
the utilisation of heat derived from nuclear fission are being solved by 
the exceptional engineering capacity and research resources of the 
world-wide Foster Wheeler organisation. DEVELOPMENT, DESIGN AND 
ENGINEERING OF COMPLETE REACTOR COOLANT CIRCUITRY including 
pressure vessels, steam generators, heat exchange equipment, piping 


and auxiliary items. 
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Datum engineers offer 
new facilities 


*K Datum racks now available 
to take all types of chart 
recorder 


* Standard 19” wide panels 
can be mounted on the 
same rack frame 


Our Sales Dept. can 
tell you more about 
these new features, 


so why not call 
Watford 2235! [ 


* Retractable desk units with 
or without stowage drawer 


OW: 


INSTRUMENT RACKS - CABINETS +- CASES 
CONSOLES + PANELS * CHASSIS UNITS 


DATUM METAL PRODUCTS LTD. 


COLNE WAY TRADING ESTATE + WATFORD-BY-PASS + WATFORD + HERTS 
Telephone: Watford 22351 Telegrams: Datum Watford 


A member of 








HEAT 

EXCHANGERS 2 . 

We have vast ie ae, oe e Af THERMAL 

experience in the ass gh e INSULA TION 
” BLANKETS 


have been tested up to 1250°C 


design and construction 


of heat exchangers in 
—but quite apart from their 
. . ability to withstand very high 
light alloy and stainless temperatures successfully, 
Delaney Gallay blankets have 
steel. We shall be glad another big advantage for the 
Completely encased in nuclear field. 
é , stainless steel, they require 
to help you in this no maintenance and are 
not easily damaged. 
field too. Delaney Galley Thermal 
Insulation Blankets can be 
made to fit both simple and complex shapes. The stainless steel sheathing is dimpled 
for maximum rigidity, and can be completely sealed against the ingress of liquids 
if necessary. 
They are designed for easy fitting and removal, and can be supplied with apertures 
to accommodate controls. 


If you would like further information, please contact us. We shall be happy to supply it. 


Delaney Gallay wu Experts in Heat Exchange & 


Heat Insulation for over 40 years 


Vulcan Works, Edgware Road, London, N.W.2. Tel: GLAdstone 2201 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
[l es: souvent difficile au client 
publicitaire d’indiquer dans un 
epace restreint tous les détails 
de ses produits. Dans le cas o% 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
poinier le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére &@ NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig fur Inserenten 
alle technischen FEinzelheiten 
aber thre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
Kinfle wilnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 








SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all inser- 
tionista di tndicare in uno 
apazio ristretto tutlt + particolart 
des suot prodotti, Qualora de- 
sideraste ricevere pit ampte 
informazioni a questo riguardo, 
favorite segnare tl numero 
appropriato sul cartellino qus 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 


eepacio limitado todos los detalles 
lcnicos sobre sus productos. Si 
desea ulterior informacién, 
marque los ntmeros apropiados 
en la tarjeta opuesta y mdndela a 
NUCLEAR POWER. 
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 npodyxyuu @ pexaame. Ecau 
Bas nonado6amca do6aeounrie 
ceedeHua, MO NPpocmo omMemome 
comeemcmeymujue HOMEPG HG Ka- 
mouxe Ha npomuésonosorx#cHoan 
mopoxe u omnpasome x 
NUCLEAR POWER. 
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We will be pleased to advise on any protection problem which you 
may encounter and are able to supply consistently pure, void free 
lead in the form of shielding, bricks, fillings, isotope containers, and 


irradiated fuel element casks. 


Shield 
with 


ENTHOVEN 


H:*J°* ENTHOVEN & SONS LIMITED 
Smelters at Rotherhithe, London and Darley Dale, Derbyshire, 150 years experience 
of smelting and refining non-ferrous meta!s. 

Head Office: Dominion Buildings, South Place, London, E.C.2 


Telephone: MONarch 0391 Grams: Enthoven Phone London 
Telex: 21457 
Contractors to the UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
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PHOSPHORS 


quick delivery 
of standard sizes 


CRYSTAL PHOSPHORS in many sizes mounted or unmounted—up to 7} in. 
diameter Xx 24 in. thick if required. Typical price for a 1} in. x } in. counting 
crystal is £4.16.0. Typical price for a crystal with a peak-to-valley ratio on 
Cobalt-60 of about 3.5:1 (8° on Caesium-137) is £31. (14 in.). Phosphors with 
resolutions of up to 4:1 peak-to-valley ratio can be supplied to customer’s 
specifications. 

CRYSTAL/PHOTOMULTIPLIER ASSEMBLIES for optimum resolution 
and sensitivity. (1-inch counting probes and 3-inch assemblies). Resolution with 
Cobalt-60 source is better than 4:1 (peak-to-valley ratio). Background does not 
normally exceed 8 counts per second. 


UUM as 


PAULL ALL 


ULLAL AU LA A 


We also make synthetic crystals and supply them either as optical blanks or as 
finished optical components. 





3-inch crystal/ photomultiplier assembly 


il HA 


Please write for catalogue CH 326/255 which gives further details. 


uM 


al 


-f 





a ee 


HILGER & WATTS LTD 98 St Pancras Way London NWI 





DUPLEX 
STRAINERS 


Straight through flow. 
Single strainers with 


, ¥ . af Multiple baskets for 
ee entque muteipre j < ; pa of handling. 
basket feature. 


‘ Extremely low pressure drop. 
Available up to 30” bore. 


Available up to 30” bore. 


~_ i 
LANCASTER: TONGE LTV 


PENDLETON-MANCHESTER+- ENGLAND 
Telephones :Pendleton 1484 /5/6 ‘Telegrams : Pistons, Manchester 
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exceeded in recent tests?! 


result of gas circulator tests with 
Stillite Filter Pads was 99-9975% efficiency 


Stillite filter pads are fitted for oil vapour removal in the carbon dioxide 
clean-up circuit on the gas circulators used on the primary gas 
circuits for the HERO reactor now being erected at Windscale for 
the UKABA. Tests on the filter carried out by De Havilland who 

are constructing these circuits have shown that a consistent efficiency 
of 99.9975% is achieved over a simulated 8000 hours run. This 
performance was superior to any that could be obtained from 
standard filters. 

Stillite filter pads provide a filtration medium able to meet the most 
exacting requirements even when used for the filtration of hot 
corrosive gases. Please send coupon for full details. 


To STILLITE PRODUCTS LTD - 15 Whitehall, London, S.W.|. 
Please send me Technical Data TD4 on Filtration 


NAME ., 


ADDRESS 


Just attach to letterhead 


STILLITE PRODUCTS LTD. 15 WHITEHALL, LONDON, S.W.1. TEL: WHitehall 0922/7. 
Member of the TURNER & NEWALL ORGANISATION 
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TO MOVE.” 


Yes, one man is all you need, once you fit Flexello double ball-bearing all - 
steel castors to your trolleys and other equipment. Flexello — 
castors give extra mobility, strength and economy. The series 44 has a 
stout kingpin adjustable for wear, and a zinc plated rust-proof finish. 
Available in a variety of wheels and tubular fittings, they are just one aoe 
Y f 8 Y | <q Rigid embossed 
example of the vast Flexello range which covers every steel pressings. 
conceivable aspect of castor mobility. ce <q Substantial king 
BS44RT/PSIBSP Pipe socket fittings supplied with gas thread for outside fitting i pin, adjustable for 
B544RT/STIBSP Threaded stem and BS male pipe fitting bearing protectic n. 
<q Minimum of 
maintenance. 
<q Pre-greased 
hardened bearings. 
<q Maximum ease of 
mobility. 





BS44RT/PSIBSP BS44RT/STIBSP 




















FIT YOUR EQUIPMENT WITH SERIES 44 


F lexello CONSTANT QUALITY CASTORS 


Write for comprehensive fully illustrated catalogue to: FLEXELLO CASTORS & WHEELS LTD., SLOUGH, BUCKS. 











heauy alloy 


supplied in densities 16.8, 17.0, 17.5, 18.0. g/cc (aominai 


for balance weights and screening purposes 








Broad beam absorption of 
Gamma-radiation from 
Cobalt-60. Density : 16-8 g cc. 
and 18-0 g/cc. 


— 


This pieceof G.E.C. Heavy Alloy, 
13 in. diam. by 6 in. deep and 
weighing 660 Ib.. is probably 
the heaviest product ever made 
by powder metallurgy. Manufac- 
tured for the United Kingdom 
Atomic Energy Authority. 

















THE GENERAL ELECTRIC CO., LTD. Component Sales Dept. 
Osram Division, East Lane, Wembley, Middlesex. Tel: ARNold 4321 
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balance... 


the Joy WN112 stationary compressor 


Engineers right on their toes designed the Joy WN.112 compressor, designed it for balance, 


high-stepping efficiency and the quick precision of a ballet movement. The faultless timing, 
alignment and complete harmony of the WN.112 make it a machine well worth studying— 
write for a copy of Publication AD/6 — study it well. 


% See us on stand number A10 at the _ International 


Construction Exhibition, Crystal Palace, S.E.19.  15th-24th —---_ 2 ee 
June, 1961. AIR POWER 
AIR POWER SUPPLIED & APPLIED BY JOY “SU LL] IVA \ I | D 
[_oivision 


7 HARLEY STREET, LONDON W.1 
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aCl'0SS 


RADYNE WIlq 1) 


frontiers 


New technologies demand new 
techniques — Radyne high 
frequency heating is used for 
many interesting duties in 
nuclear engineering: for instance, 
the heating of Graphite, 
Tantalum, Molybdenum and 
other susceptors in vacuum or 
inert atmosphere. 

Other problems... brazing, 
soldering, heating and drying 
non-conductors, vacuum fusion 
analyses, butt brazing of 
graphite tubes... are such that 
high frequency heating is the 
best solution — perhaps the only 
solution — as Radyne equipment 
has been proved best for these 
multifarious duties. 





A RADYNE 6.400 50kW 
MEDIUM FREQUENCY 
GENERATOR WITH 
SPECIAL VACUUM 
MELTING UNIT 


WOKINGHAM 
BERKS ENGLAND 


TELEPHONE: WOKINGHAM 1030 


TELEGRAMS: RADYNE ENGLAND 
P.6302 








| 
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New flow 
indicator 
for opaque 
liquids 


Thee MAGNMEVEL, 


The Magnetel is a flap type indicator—with a vital difference. 
A magnet set into the flap controls the indicator pointer, eliminating 
the need for springs and mechanical linkages. The Magnetel is a sensiti 
instrument suitable for liquids of almost any viscosity. 

A special model is available for use with liquids containing ferrous 
particles, and the flap can be arranged to permit flow in either directior 
All parts are accessible for maintenance without disconnecting the pipe line. 
Available in sizes from { in. to 2 in., the Magnetel supplements 
Bailey’s already famous Telicator range of Rotary Flow Indicators. 
Please write for detailed descriptive brochures. 


S 9 


REGD 


SIR W. H. BAILEY & 
COMPANY LIMITED 


HEAD OFFICE « EXPORT SALES: Albion Works, Patricroft, Manchester. 
Tel: Eccles 3487 (4 lines) 
LONDON & SOUTHERN AREA SALES: Selinas Lane, Dagenham, Essex. 
Tel: Dominion 2277 (3 lines) 
PRESSURE REGULATORS - SLUICE VALVES - TEST PUMPS - TURNSTILES 


TGA TRM iA 
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CLEAN CONDITIONS ARE ESSENTIAL 


New Welbeck Master 
Cleaners contribute to 
Britain’s great Nuclear 
Power Programme. 





Graphite Stores, Core 
Construction and Active 
Areas are maintained under 
conditions of extreme 
cleanliness by MASTER 
CLEANERS because they 
offer the following essential 


features:— 
Simplex model removing dust within %* No Dust Bag 

No. | reactor at Bradwell, on 25th June, 

1960, %* Steel Dust Container 
Photo by kind permission of The Nuclear with Rubber Base 


Power Group, Bradwell and the Central 

Electricity Generating Board. * All Non Compatible 
Metals Polythene 
Coated 


% Accessories for Special Applications 
%* All Models Light, Portable and Robust 
* All Standard Voltages and 50v., 110v. for Site Use 


Further information from technical department 


NEW WELBECK LTD. 


HEAD OFFICE & WORKS: LONDON OFFICE: 
Moulsecoomb Way, — — Road 

Brighton 7, Sussex Albert Embankment, $.E.11 
Tel.: Brighton 61666 (PBX) Tel.: Reliance 2071 (PBX) 


By appointment to 

H.M. The Queen 
Suppliers of 

Vacuum Cleaners 











NUCLEAR POWER June 196! 
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ENDECOTTS 


TEST SIEVES 
For Accuracy! 


3: POCKET $3 
ft INTERCHANGER +4 
3 SIEVES 3 





‘ENDROCK’ 
TEST SIEVE 
SHAKER 








TEST SIEVES 
B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 


We operate a Recovering Service 


Consistent mechanical action — 
saves valuable time of skilled personnel 


ENDECOTTS (Fitters) LTD. Phone: LIBerty 8121/2/3 
Dept. A. Lombard Road, London, S.W.19. Grams: Endfilt, London 
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TIME CLOCK CARDS 


TO FIT EVERY TYPE OF MACHINE 
EXACTLY TO YOUR REQUIREMENTS 


Our Time Cards are manufactured with 
extreme care and we guarantee them to 
work perfectly in All Clocks. 


PRECISION PRINTING 


For SPIRIT DUPLICATORS and MARGINAL 


PUNCHED CARDS 





Harlow for Cards 





We can quote for any type of ‘Card by return: 
send us your samples today. 


HARLOW 


104-110 FREDERICK STREET 
SOUTH SHIELDS 


Telephone: South Shields 4286 (3 lines), 
for our Representative to call. 








18/8 


Titanium 


(LOW COBALT) 
Stainless 


Steel 
Wire 


Stainless Steel Wire, to this 





specification, is already being 
supplied by us in ever 
increasing quantities to meet 
the specific requirements of 
Nuclear Engineers and 
Designers. We shall welcome 
your enquiries for this and 

all other types of Austenitic 
Stainless Steel Wire. 


Stainless Steel Wire 
Company Limited 


HILLSBOROUGH WORKS 
LANGSETT RD., SHEFFIELD 6 


Telephone No.: 344241-2 Sheffield 
Telegrams: Finewyre - Sheffield 
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HOFFMANN 


instrument bearings 
fitted exclusively to 





THE 
MARCONI 
MARK IV 
TELEVISION CAMERA 





NEW ADVANGE aire custites ot the new Marcon Mark Iv 


television camera based upon a 4} inch image 

orthicon pick-up tube. 
The Marconi Mark IV has an exceptionally good performance under 
either natural or artificial light, and such high stability of circuitry that a consistently 
high quality picture can be held without frequent re-adjustment of controls. In the B.B.C. 
Studio Number Three, the vision control officer is responsible for the controls of up to 
six Mark IV cameras. Obviously, each and all of these must be unfailingly consistent in 
optical and electrical performance .Equally their mechanisms must respond smoothly and 
instantaneously to the requirements of control. Here fourteen Hoffmann bearings play 
their part, ranging from 7 to % of an inch bore. 


They are depended upon to give ease and smoothness of movement in such 
vital components as the Turret Mechanism, the Focusing Mechanism, and the Remote Iris 
Mechanism and Filter Kit. 


HOFFMANN 


aie ee BALL AND ROLLER BEARINGS Cam 


BRANCH OFFICES AND STOCKROOMS IN ALL PRINCIPAL TOWNS TELEPHONE: CHELMSFORD 3151 TELEX No. 1951 
HEAD OFFICE AND WORKS: THE HOFFMANN MANUFACTURING CO. LTD., (P.O. BOX 7), CHELMSFORD, ESSEX. 





MULTI-POINT SCANNER UNIT 


FEATURES OF 
THE ‘REDIFF’ 
PRESSURE GAUGE 





: * Measurements from 0 to 1 inch 
courauaaaa of water gauge full scale deflection. 
* High Static Pressures gradu- 
ally or instantaneously. 

* Instantaneous High Static 
Overload. = 
* Usable with liquids/gases hav- 
ICATING ing radio-active constituents. 
~ . % Models made of MONEL 
transmission “ne : 
% Capable of withstanding 

sudden pressures up to 4,000 p.s.i. | 
and temperature up to 250°c. ' 
| 


; < *% Electrical Supply: 100-200- 
\M 220-240, 50 or 60 cjs. 


FLOW MEASUREMENT 





HIGH LOW PRESSURE 


TRANSMITTER Ask for details of the 





‘Rediff’ Instrument from: T 
APPLES Y & | R EL AN OD L T D 
Basingstoke : Hampshire ; England. Tel: Basingstoke 2510/3 Telex: 8546 
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CATHODIC 
PROTECTION? 


/ WELDING 


INSPECTION? 


MAPEL 


World-Wide Service 





Get the facts from 











METAL AND PIPELINE ENDURANCE LTO., 
London Road, Woolmer Green, Herts. 
Tel: Knebworth 3083. Grams: Metaldure, Knebworth. 





Telcon Metals 


for 
Nuclear 


These alloys cover a wide range of permeabilities, resistivities and 
saturation inductions. They all have low electrical losses and are 
widely used in electrical and electronic equipment. Typical applica- 
tions include current transformer cores, magnetic screens, pulse 
and audio-frequency transformers, chokes, relay parts, trans- 
ductors and saturable reactors, telephone diaphragms and small 
motors. 

Most Alloys are available in strip (6” wide ?’ thick down to 0.0005” 
































nch thick) and wire (3° dia. down to 0.0016” dia.). They are also available 
ion. . in sheet (18” wide and 5 ft. long) in bar of bright drawn finish, in 
du Engineering forged section and in rod (6 ft. long and 14” dia. down to 3” dia.). 
- HIGH PERMEABILITY MAGNETIC ALLOYS Summary of typical properties 
a 
Magnetic Properties Supermumetal 50 | Mumetal Radiometal Super Radiometal Radiometal 36 R.2799 
\av- — 
Initial Permeability 50 000 | 40 000 3 500 10 000 2 000 
EL Maximum Permeability 200 000 | 100 000 30 000 100 000 10 000 70 atOC 
| 48 at 20 C 
: Saturation Ferric Induction (gauss) 8 000 | 8 000 16 000 16 000 12 000 3200 atO0 C 
ing : | | 2200 at 20 C 
8.1. Remanence, Brem, from saturation (gauss) 5 000 4 700 10 000 11 000 3 500 
Coercivity, Hc. (oersteds) 0.01 | 0.04 0.15 0.04 0.30 
200- Hysteresis loss at B sat (erg/cc/cycle) 13 38 1 000 400 450 
Curie Point (C) 390 | 390 500-550 500-550 280 60 
H.R.C. A rectangular hysteresis loop alloy for Magnetic 
, ee amplifiers and saturable reactors. Saturation induction: 
Your enquiries are invited 
15 600 gauss Retentivity: 15 000 gauss Coercivity: 0.13 Oe 
TELCON METALS LTD Hysteresis loss — 650 ergs/cm3/cycle Bmax = 15000 
D Manor Royal - Crawley - Sussex 
546 Telephone: Crawley 1560 MEMBER OF THE Ci GROUP OF COMPANIES 
Telex 8748. Telegrams: Telcon, Crawley, Telex. 
961 
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WESTON 


MOVING COIL 


RELAYS 


The simplicity and reliability of relay control 
for a wide variety of applications has led to 
the ever increasing use of Weston Moving 
Coil Relays. Let us have a note of your relay 
problems and we will be pleased to advise on 
the most suitable model for any set of con- 
Enquiries should, if possible, be 
both 


ditions. 
accompanied by full particulars of 
control and local circuits. 


7 


’ idetget ae 
a a 
4 + % 


Illustrated is the Model $170. Other types include the 
Model $124, a magnetic contact relay which operates 
with a minimum power input of 0.004 microwatt 
and the Model S115, a miniature relay, which 
functions as an “on-off” switching relay. 


SANGAMO WESTON LIMITED 
ENFIELD - MIDDLESEX 


Tel: ENField 3434 (6 lines) & 1242 (6lines) Grams: Sanwest, Enfield 


Scottish Factory: Port Glasgow, Renfrewshire, Port Glasgow 4115! 

Branches: London, CHAncery 4971 Glasgow, Central 6208 Manchester, Central 7904 
Newcastle-upon-Tyne, Newcastle 26867 Leeds, Leeds 30867 Liverpool, Central 0230 
Wolverhampton, Wolverhampton 21912 Nottingham, Nottingham 42403 Bristol, 


Bristol 21781 Southampton, Southampton 23328. 
SW/67 
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CLEAN AIR 


inside 


(up to 7000 p.s.i.g.) 











Pneumatic control and instrumentation depend for 
their reliability and accuracy on a continuous supply 
of scrupulously clean air. Aerox Filter Units 
with Ceramic Elements will give you this. 


Oil mist, water, carbon dust, etc., are eliminated 
without significant pressure drop. Units are avail- 
able for service at up to 7000 p.s.i.g.; the filter 
illustrated is one of a consignment for the gas 
analysis by-pass lines at a nuclear installation. 


Other units, fitted with Geiger counters inside the 
element, are being used for analyses of radio-active 
dust. 


AEROX LIMITED 


Ceramic Works, Hillington, Glasgow SW2 
Telephone: Halfway 4615/6. 
Engineering Works: Chalford, Stroud, Gloucestershire 
Telephone: Briscombe 3085/6. 
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A healthy 
outlook for 
Berkeley 








We acknowledge with thanks the courtesy of A.E.1.—John Thompson Nuclear Energy Company 
Ltd., (a Partner Company of the Nuclear Power Group) in granting us permission to publish 
this photograph. 


Berkeley, one of Britain's first two commer- 
cial nuclear power stations, now nearing 
completion for the C.E.G.B., will have CO2 
in air monitors to give warning of CO: con- 
centrations which might occur in the remote 
possibility otf leaks from the cooling system. 
A large number of sampling points in the 
Blower House, B.C.D. Rooms and Fan 
Annexes will be checked in rotation and 
alarms will operate whenever the concentra- 
tion of COz2 reaches a set value. Typical check 
points include blower seals, blower lubrica- 
ting pits and blower house control room. 
The primary measuring equipment for these 
monitors has been supplied by Cambridge 
Instrument Company Ltd., to the specifica- 
tion of A.E.I.— John Thompson Nuclear 
Energy Company Ltd. Our illustration shows 
four of the cubicles, which carry some ot the 
apparatus, lined upatthe A.E.I. Instrumenta- 
tion Division premises Harlow, Essex. Each 
of these cubicles is equipped with a Cambridge 
Electronic Indicator, designed to accept the 
ouputs of the analysing katharometers in 
turn. Because of the electronic indicator’s 
high speed of operation, it is possible to moni- 
tor all ten sampling points (each cubicle) in 
less than 40 seconds. 


Another set of panels using Cambridge direct- 
deflection alarm indicators will also be instal- 
led at Berkeley. 


For details of Cambridge gas analysers, please 
write for List AP 144, and for future publica- 
tions, please ask for Mailing Form AP/6/61. 


GAS ANALYSERS 


FOR SAFETY EFFICIENCY RELIABILITY 


CAMBRIDGE INSTRUMENT COMPANY LTD. 
13 GROSVENOR PLACE, LONDON, 8.W.1 
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Scrubbing or Polishing 
with a single machine 


NOISELESS OPERATION 
LONG LIFE 
MINIMUM MAINTENANCE 









CIMEX 
VULTURE 


SCRUBS 2,000-3,000 SQ. FT. IN AN HOUR 


The Cimex Vulture is a dual purpose machine for floor 
scrubbing or polishing. As a scrubbing unit it gets 
floors really clean due to the contra rotating action 
of its three brushes which retain the detergent water 
within the brush area and reach into all inequalities 
of flooring. 

The complement to the Vulture is the Dipper, which 
following in its wake picks up all the dirty water by 
a powerful suction 
action leaving a per- 
fectly clean and dry 
surface. 





DIPPER SUCTION DRIER 





By courtesy of R.A.C.S., Bexleyheath 


Cimex machines are superbly made and will operate 
for years with a minimum of maintenance. 
Please write for full details. 





Designed and manufactured by 


CIMEX LTD. 
94-116 CRAY AVENUE * ORPINGTON * KENT 
Telephone: Orpington 26731 (8 lines) 


Branches at Manchester, Birmingham, Glasgow, Cardiff and Launceston 


THE WIDEST RANGE OF FLOOR CLEANING 
MACHINES IN THE WORLD 


CIMEX CIMEX 
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Thermal 
REFRACTORY 


CEMENTS AND 
POWDERS 


We also manufacture an extensive range 
of Vitreosil Industrial Ware 


9 BERKELEY STREET, W.1. 








Thermal Fused Alumina and Fused Magnesia 
Refractory and Insulating Cements are very 
simple to apply; water is the only additive 
necessary for mixing before application. 

For base metal windings our C60 cement 
is ideal; for platinum windings our CC60 
cement should be used. Molybdenum windings 
necessitate a silica-free cement, and our No. 101 
cement is specially prepared for this purpose. 


Details of these special high temperature cements, and 
also of Thermal Fused Alumina and Fused Magnesia 
Powders will gladly be supplied on request. 


THE THERMAL SYNDICATE LTD. 
P.O. Box No. 6, Wallsend, Northumberland. Telephone: Wallsend 62-3242/3 
LONDON OFFICE: 


TELEPHONE: HYDE PARK 1711/2 
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STAINLESS STEEL WIRECLOTH 
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FOR PRECISION SCREENING 


eee | 


@ ALSO SUPPLIED IN MONEL METAL, 
TITANIUM OR ANY COMMERCIAL METAL. 


@ Specialists in the production of Perflec 
(Electrodeposited Mesh), Test Sieves, 
and Stainless Steel Wedge Wire. 


ESTABLISHED 
1799 


Telephone 
WARRINGTON 32401 


ENGLAND 


BRITANNIA WORKS 
WARRINGTON - 
P.O. BOX 22 


Telegrams 
GREENINGS, WARRINGTON 
Telex No. 62195 


ALSO AT HAYES MIDDLESEX - Telephone HAYES 3961 
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This Control Unit forms part of an equipment for measuring the resistivity of | 


liquid-metal cooling circuits in certain types of nuclear reactors. 


Originally developed at the Dounreay establishment of the U.K.A.E.A., the equipment 
was engineered and manufactured by Bruce Peebles & Co. Limited, who are now 
licencees to the U.K.A.E.A. for its commercial distribution. 


Capable of detecting impurity concentrations of a few parts in a million, the equip- 
ment also takes into account changes in resistance resulting from fluctuations in the 
working temperature of the coolant. 


For further information write for Leaflet No. 114. 





Nes 


BRUCE PEEBLES & CO LIMITED EDINBURGH 













lubrication problems ? 
ffs 
vot witht OPK OT pusues 


Nees 


Ny) 


Almost any liquid* is a lubricant for ‘Orkot’ 
bushes. The designer wanting bearings to work 
in the most peculiar process liquors usually 
finds a ready answer in ‘Orkot’. Most solutions 
and solvents, soaps and detergents, oils and 
fats —- even sludges — they are 

lubricants to ‘Orkot’. 

‘Orkot’ gives low coefficients of friction resulting 
in lower power losses and less wear on shaft 
and bearing. 


*N.B. If liquids aren’t available we can supply RUCCY 
‘Orkot’ impregnated with solid lubricant. CHEMICALS FROM COAL 


Write for full particulars to :— 


UNITED COKE & CHEMICALS COMPANY LIMITED 


(Sales Department 368) P.O. Box 136, Handsworth, Sheffield 13 
Telephone: Woodhouse (Sheffield) 3211 Telegrams: ‘ UNICHEM,’ — 
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BERKELEY 
(A.E.1.—John Thompson Nuclear Energy Co. Ltd.) 











Ss ll 
HINKLEY POINT (English Electric, Babcock & Wilcox, 
Taylor Woodrow Atomic Power Group) 





TRAWSFYNYDD (Atomic Power Constructions Ltd.) 
(An impression by Mr. Basil Spence, Consultant Architect 
to Nuclear Civil Constructors, showing how the design blends 
into the landscape of Snowdonia) 


Vokes Genspring constant support hangers — capable of supporting 
loads up to 97,800 lbs and travels up to 12”—have been specified by 
all five members of the Nuclear Consortia for each of the first five 
Nuclear Power Stations. Gensprings have already been installed at 
Calder Hall A & B and Chapel Cross A & B where their success in 
handling the movement of piping caused by temperature changes is 
rapidly making them an automatic choice for pipework support in 
*he construction of Nuclear Power Stations. 





Vokes Genspring SUSPENSION SYSTEMS 
VOKES GENSPRING LIMITED 
GUILDFORD - SURREY 
Telephone: Guildford 62861 (6 lines) Telex: 8 -5§35 Vokesacess, Guildford. 
Telegrams & Cables: Vokesacess, Guildford, Telex. 
A member of the VOKES Group 
VG46 
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Security Cleared Staff 
of 






REG TRADE MARK 


&y operate a complete 


MICROFILM service; Technical 
Drawings, Commercial documents, 
plans, books, theses. 


16mm and 35mm Filmsort or multiple 
filing systems. 
Miniaturisation/Xerography. 


Streamline your office and 
save space — Speedy reference 
and prolonged life. 


Over 100,000 drawings in 3 cubic feet !! 


For free advice write or phone: 
Mr. John Snowdon 
Filmdex Ltd., 


17 BOSTON MANOR ROAD, BRENTFORD, MIDDX. 
Isleworth 7800 
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CORBLIN 


DIAPHRAGM COMPRESSORS AND PUMPS 





ALL PRESSURES UP TO 30,000 P.S.I. 


. . . for pure 
dangerous 


or 


gases and 
liquids 


no 


or liquid always maintained 


remains constant and al- 
ways at maximum. 


Write for Brochure and full 
details to: 





corrosive 


No glands — therefore 
losses. 


Absolute purity of gas 


Volumetric efficiency 


Sole Agents 
for the 
United Kingdom 








® 


C. T. (LONDON) LTD. 


27 Ashley Place, Westminster, London, S.W.| 
Telephone: Tate Gallery 8631 (6 lines) 
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* 


for protection 
against radiation 


TRUST LEAD) 


not forgetting, 
LEAD GLASS 












The technical officers of the 
Association are always giad to 
give individual assistance. 





LEAD DEVELOPMENT ASSOCIATION, 
34 Berkeley Square, London, W.|I. 
Telephone: GROsvenor 8422 
Telegrams: Leadevep, Rand, London 


5 
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TEST SIEVE SHAKER 
for 
accurate 
particle size 
analysis 


Accurate and consistent results are the features 
required of a test sieve shaker for the sieve 
analysis of the particle size range of material. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days, Vibration alone 
tends to aggregate rather than to segregate 
particles and shaking test sieves by hand 

is not only tedious but inevitably 

produces inaccurate results. 


€ 
z 
t 
q 
SI 
8 


The Inclyno Test Sieve Shaker incorporates 
a double movement that jolts and 
spreads the test material ensuring perfect 
segregation of the various particle sizes 
and presenting the maximum number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 
sieves and supplied complete with motor 
and inbuilt automatic time switch 
covering test periods up to 60 minutes. 


Tite 4, fe 


Write or telephone bows PASCALL ENGINEERING CO LTD 





Crawley 25166 for 


List IN 3206 GATWICK ROAD + CRAWLEY - SUSSEX 
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Famous for Forgings 


The Daniel Doncaster companies never 

stand still — we are always putting 

in extensive (and expensive ! ) new 

equipment to enable us to undertake, 

by a combination of processes and 

plant, work of the most versatile 

nature. - 







We make forgings, drop forgings, 
hardened steel rolls and precision 
forgings. 


Why not write for the 28 page 


Doncaster Book ? 








DONCASTERS <> 
i778 I) D 




















DANIEL DONCASTER & SONS LIMITED SHEFFIELD 


MONK BRIDGE IRON & STEEL CO. LEEDS 12 
MOORSIDE COMPONENTS - OLDHAM 


DANIEL DONCASTER & SONS (THE BLAENAVON CO, BRANCH) LTD, 
BLAENAVON * MONMOUTHSHIRE 


F.82 
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To provide stabilized E.H.T. -DYNATRON POWER UNIT TYPE WN.104 and 5 


This unit has been designed to provide sources of E.H.T. for G.M. tubes N.105 to the mains version type N.104 with very little effort. Stabilisation 
and Ionisation Chambers and general types of Photomultipliers. is achieved by Corona Tubes and sub-units (type N.106) are available to 
The construction is such that one, two or three outputs may be cover voltage ranges 350-650V, 600-900V, 800-1100V, 1000-1300V, 
obtained by the use of plug in units covering the appropriate voltage 1200-1500V and 1400-1700V. 

ranges. The basic unit (19° x 34” panel) is in two versions which allows Total current available is 100 microamps, i.e. 

it to be used either with DYNATRON type 1009 Scalers, from which it 100 microamps with one Sub-Unit 

can receive its power supplies (type N.105), or as a completely indepen- 50 2 each ,, two Sub-Units 

dent mains powered unit (type N.104). It is also possible to convert type 30 ” 2. » three Sub-Units 


DYNATRON 


NUCLEONIC INSTRUMENTS 


DYNATRON RADIO LIMITED, NUCLEONIC AND ELECTRONIC DIVISION, MAIDENHEAD, BERKS, TELEPHONE: MAIDENHEAD 5150 (IO LINES) 
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MALLEABLE TUBE FITTINGS 
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- as British as the 
Flag 





THE HEART OF RELIABILITY 
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With cardboard, string, the office sticky-tape and an artificial pearl 
borrowed from a typist (for the spherical joint between the two 
cones) Richardsons Westgarth engineers have knocked up a 
radically new solution to a very old and tricky problem — how to take 
up the expansion of large pipes carrying high pressures. The prob- 
lem came into the design office in the specific form of the CO, 
ducting of the Trawsfynydd Atomic Power Station. Pressure 265 
p.s.i.; temperature 420°C; axial thrust on any cross section over 
1,000,000 Ib. 
The usual means of taking this thrust - on either an internal flexible 
tongue or an external arrangement of hinge pins, guides and rollers - 
are cumbersome and, worse, flexible in only one plane, so that any 
sideways deflection produces stresses incapable of analysis. Rollers 
and pins need lubrication and are subject to wear, and both disturb 
the uniform distribution of stress around the periphery of the pipe. 
In the new Richardsons Westgarth joint the end restraint is provided 
by a ring of high-tensile steel bars, and flexing is taken entirely by 
elastic stress in these bars. The joint is thus flexible in a// directions. 
No lubrication is needed; all forces are calculable — and they are fed 

Don't despair if you cannot immediately follow the uniformly onto the periphery of the restraint. 

cee agi ee Sir Seen. ee ~ ane This is the kind of solution - unconventional, simpler, sounder and 

Division several days to understand it, and the only ’ ’ 


way they could make it clear to our executives was cheaper - that the fresh thinking of Richardsons Westgarth engi- 
with the cardboard model in the photograph. neers is continually producing. 





RICHARDSONS, WESTGARTH & CO LTD ae 


The Controlling Company of the RICHARDSONS WESTGARTH GROUP Wallsend, Northumberland, and at 58 Victoria St., London, SW1 
Associated with Atomic Power Constructions Ltd. RW 67 
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PROFESSIONAL APPOINTMENTS 


SUPPLIES & SERVICES 





in this field. 


purchase a house. 





UNIVERSITY OF SYDNEY 
CHAIR OF PHYSICS (HIGH ENERGY NUCLEAR PHYSICS) 


Applications are invited for the Chair of Physics (High Energy Nuclear 
Physics). The Professor will be in charge, under the general administration 
of the Head of the School of Physics, of the various branches of High Energy 
Nuclear Physics, as well as of those members of staff whose work lies mainly 


Salary will be at the rate of £A4,250 per annum, plus cost of living adjust- 
ments (at present £A36 p.a.). There is retirement provision under either 
the Sydney University Professorial Superannuation Scheme or the New South 
Wales State Superannuation Scheme. 


Under the Staff Members’ Housing Scheme, in cases approved by the 
University and its Bankers, married men may be assisted by loans to 


The Senate reserves the right to fill the Chair by invitation. 


A statement of the Conditions of Appointment and Information for Candi- 
dates may be obtained from the Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1. 


Applications close, in Australia and London, on 30th June, 1961. 








We specialise in 
GRAPHITE 
in any form. 
EX-TRANS-IM LTD. 
34 Holly Park, N.3. 











Higher Tensile Steel Chain Slings and 
special Lifting Appliances of every 
description D.G.I. approved 
TOM SMITH & CLARKE LTD., | 
Chain Manufacturers, 
Port Tennant, Swansea 
Telephone No. 53106 (4 lines) | 








Steel Fabrications and Welded 
Assemblies. 
Steel Moulds for Pre-cast Concrete 
nits 
Shearing and Rolling Cap. 8 ft x } in. 
J. & A. DANDRIDGE LTD., 
7 Creekside, London, S.E.8. 
TIDeway 1451 














SITUATIONS VACANT 


CENTRAL ELECTRICITY 
GENERATING BOARD 


South Eastern Region North Thames Division 


Applications are invited for the following 
appointment 


REACTOR PHYSICIST 


Bradwell (Nuclear) Generating Station 
Essex 


Salary range £1,920—£2,085 per annum 


The successful applicant will be responsible 
to the Station Superintendent for the overall 
reactor performance assessment, for fuel and 
absorber programmes, and for technical advice 
m all matters relating to the safe and efficient 
operation of the reactors 


Applicants should possess a good Honours 
Degree in Physics, Engineering or Mathematics, 
and should have held a responsible position in 
Industry Experience in the design or operation 
of nuclear reactors is essential 


Training will be given to the successful 
applicant before taking up the appointment 


Applications, quoting Reference 8.V. No. 1499, 
stating age, qualifications, experience and present 
position, should be sent to the Central Electricity 
Generating Board, South Eastern Region, North 
Thames Division, West Farm Place, Chalk Lane, 
Cockfosters, Barnet, Herts., to arrive not later 
than 3rd June, 1961 
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IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 
POSTGRADUATE COURSE 
IN NUCLEAR POWER 


A full-time postgraduate course 
in nuclear power is held each year. 
This course is conducted from the 
engineering point of view and is 
intended primarily for graduate 
engineers and applied scientists 
wishing to pursue a career in the 
design, development and construc- 
tion of nuclear power stations, A 
special feature of the course is the 
inclusion of a design study of a 
complete nuclear power project. 
Experimental work includes the 
use of a natural uranium-graphite 
exponential assembly. 

Further information on appli- 
cation to the REGISTRAR, 
IMPERIAL COLLEGE, LON- 
DON, S.W.7. 





GILSTON ENGINEERING CO. 
Specialists in all applications of 
STAINLESS STEEL 
Fabrications Press Tools 
Precision and Production Engineers 


Lea Road, Waltham Abbey, Essex 
Telephone: Waltham Cross 23871 














ASH & LACY LTD. 
PERFORATORS OF 


Steel, Aluminium, Copper, Brass, Zinc, 

Tinplate, Stainless Steel, and many other 

materials in all gauges for all industrial 
purposes. 


Meriden Street, 
Birmingham, 5. 


Birmingham: 
MIDland 6371 














ALUMINIUM DESIGN 


and fabrication service available 
for all types welded and other light 
alloy structures and components 


ALPHAMIN LTD. 
4 Dunston Street, Kingsland Road, 















London, E.8. Tel.: CLIssold 4161 
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COURSES 





U.K.A.E.A. 
Harwell Reactor School 


Standard Course No. 23 


To be held from 18th September 1961 to 2nd February 1962. 

Fee £250 exclusive of accommodation. 

This Course has been revised to include the latest information of interest 
to engineers and physicists whose main concern is reactor design or operation. 
It now includes a period of nine weeks at a College of Advanced Technology 
in addition to the ten weeks of more advanced study at A.E.R.E. Harwell and 
A.E.E. Winfrith. 


Control and Instrumentation of Reactors Course No. 7 


To be held at Durley Hall, Bournemouth, from 25th September to 6th 
October 1961, inclusive. Fee £52 10s. Od. exclusive of accommodation. It is 
intended for those who have a direct interest in the control and instrumenta- 
tion of nuclear reactors, and participants are assumed to have some know- 
ledge of the basic principles of these subjects. 


Senior Technical Executives’ Course No. 13 


To be held from 11th to 22nd September 1961, inclusive, of which 
the first week will be at The Reactor School, Harwell, and the second at 
Durley Hall, Bournemouth. Fee £52 10s. Od. exclusive of accommodation. 


An appreciation course for senior executives which covers the back- 
ground to reactor physics and engineering including simple experiments. 


Applications of nuclear engineering are illustrated by visits to A.E.R.E. 
Harwell and A.E.E. Winfrith and a nuclear power station. 


Application forms and further details for these courses can be obtained 
from:— 


The Manager, Reactor School, 
A.E.R.E. Harwell, 
Berks. 





AT YOUR 
SERVICE 


when you need 


an expert 














PROTOTYPES 


Design and construction 
of 


Special Machinery 


RESEARCH 
ENGINEERS LTD. 


Northampton Grove, Canonbury, 
London, N.1 
CANonbury 4244 


Telegraphic Address:— 
Wilmaket, London, N.1 








SERIES RATES — RING MUSEUM 8252 





SUPPLIES & SERVICES 








FOR ALL METAL FINISHES 





C. W. GARRETT & SON LTD., 
r 


fo 
ALL DRAWING OFFICE SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


* 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 
Telephone: ISLeworth 4433 (4 lines) 


Electro Plating in Rhodium, Gold, Silver, 
Cadmium, Chromium, Nickel, Copper, 
Tin, Zinc, Lead, etc. Enamelling, 
Lacquering, Shot-Blasting, etc. 
A.I.D., A.R.B., D.I.A.R.M. Approved. 
HARRIS PLATING WORKS LTD. 


18 New Wharf Road, TERminus 7263 
London, N.1. (S lines) 














R. & J. PARK LTD 
Dominion Works, Chiswick 
England 
* 

Export packers, shippers and for- 
warding agents. Specialists in 
packing heavy machinery 











F you have a fire risk or if you are 

doubtful of the efficiency of your appli- 
ances, we should be glad to send a techni- 
cal representative to advise you. Service 
inspections given throughout the British 
Isles—write/ "phone 


L. & G. FIRE APPLIANCE CO. 
LTD. 
Caxton Street North, London, E.16 
Tel ALBert Dock 3991 (4 lines) 











Laboratory 
Non-Destructive Testing Service 
X-RAY + GAMMA RAY 
ULTRASONIC 
Magnetic and Fluorescent Crack 
Detection. 

Anywhere — Anytime 
GAMMA-RAYS LTD. 
Foundry Lane, Smethwick 40, 
Staffs. 

Telephone: SMEthwick 0846. 
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STAINLESS STEEL FLANGES 


Specialists in the manufacture of — 
% FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
%* PROFILES CUT FROM PLATE TO ANY THICKNESS OR SIZE 


From approved grades of stainless steel 
KEEN PRICES—PROMPT DELIVERIES 


Let us quote for your requirements. 


STAINLESS STEEL PROFILE CUTTERS LTD. 


Dept. N.P. Farfac Works, King’s Grove, MAIDENHEAD, Berkshire 
*phone 1522/23. 














Abingdon King Dick Ltd 
Accles & Pollock Ltd 
Aerox Ltd 

Appleby & Ireland Ltd 


Armstrong Whitworth Aircraft Ltd, 
Sir W. G. 


Associated Lead Manufacturers Ltd 
Atomics International 
Avo Ltd 


Babcock & Wilcox Ltd 

Bailey & Co. Ltd, Sir W. H. 
Berry & Co. Ltd, Henry 

Black Automatic Controls Ltd 
Blakeborough & Sons Ltd, J. 
Booth Aluminium Ltd, James 
Boving & Co. Ltd 


Butterworths 


Cambridge Instruments Ltd 
Cannon Electric (Great Britain) Ltd 
Carlisle & Co. Ltd, C. G. 

Central Electricity Generating Board 
Cimex Ltd 

C.R.E.1. (London) 

CSF 

C.T. (London) Ltd 


Darlington Forge Ltd, The 
Datum Metal Products Ltd 
Delaney Gallay Ltd 

Dewrance & Co. Ltd 
Doncaster & Sons Ltd, Daniel 
Dynatron Radio Ltd 


Ekco Electronics Ltd 

EMI Electronics Ltd 
Endecotts (Filters) Ltd 
English Electric Co. Ltd, The 
Enthoven & Sons Ltd, H. J. 
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Above all. 
the new 


CANNON HR 


Also available are, of course, the regular ranges of Cannon 
connectors for operating at temperatures up to 350 F. Two 
aluminium versions, the CA‘E’ (F65) series ME for multicore 
cables and the CA ‘E’ (F65) series CT for open wiring systems 
are currently in production. Write for Catalogues MSER 4 and 
MSIA1 

If steel shells are required, the MS ‘K’ for normal applications 
and the CA ‘KE’ for environmental applications are available, 
both of which will withstand the MIL c 5015 firewall condition 
of maintaining electrical continuity for a period of 5 minutes at 
2000°F. whilst preventing the passage of flame for a period of 
20 minutes. Write for Catalogues MSK 1 and MSIA 1 

For any connector requirement, consult the world's foremost 
name in this highly specialised field. 
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You can rely on HR Cannon Plugs to protect 
against the most testing environment, whether it’s 
extreme heat, nuclear radiation or moisture 
formation. They're resistant to nuclear radiation 
exposure to the highest practicable levels in 
primary shield zones. 

HR (Heat Resistant) Plugs are the new MS style 
series specifically designed for high temperature 
applications. Two versions—one for continuous 
duty in temperatures up to 1000°F., the other up to 
650°F. at lower cost. Ball cone seals on mating 
surfaces make them moisture-proof. Available in 
a wide range of MS-type shell styles and sizes 
which can mate with standard MS connectors. 


Write for HR catalogue for full technical details 


FOR SAFETY 
© PLUGS 


CANNON ELECTRIC (Great Britain) LTD 
168/172 OLD STREET, LONDON, E.C.1 
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